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• Hierarchy Problem


• Strong CP problem


• Flavor puzzle

Fine-tuning

However…

Evidence-based

• Neutrino masses


• Dark Matter


• Baryon Asymmetry

BUT
SM CP-violation is not


Enough!
[Gavela et al.,hep-ph/9312215]

[Huet Sather, hep-ph/9404302]

New sources of CP violation are necessary!  

Sakharov Conditions:
• CP-violation needed

• …. 

(Assuming baryogenesis)
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J appears at 4 loops
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de → O(10→44) e · cm

CP-violation: Jarlskog invariant (   )
<latexit sha1_base64="816aJAolfjh7UasMe2x4+6/Lj4g=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjMi1WXRjbiqYB8wHUomzbShmWRI7ghl6Ge4caGIW7/GnX9jpp2Fth4IHM65l5x7wkRwA6777ZTW1jc2t8rblZ3dvf2D6uFRx6hUU9amSijdC4lhgkvWBg6C9RLNSBwK1g0nt7nffWLacCUfYZqwICYjySNOCVjJ78cExpSI7H42qNbcujsHXiVeQWqoQGtQ/eoPFU1jJoEKYozvuQkEGdHAqWCzSj81LCF0QkbMt1SSmJkgm0ee4TOrDHGktH0S8Fz9vZGR2JhpHNrJPKJZ9nLxP89PIboOMi6TFJiki4+iVGBQOL8fD7lmFMTUEkI1t1kxHRNNKNiWKrYEb/nkVdK5qHuNeuPhsta8KeoooxN0is6Rh65QE92hFmojihR6Rq/ozQHnxXl3PhajJafYOUZ/4Hz+AIGNkWs=</latexit>J

[Pospelov, Ritz, 2014]
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Electron EDM
eEDM is particularly well suited for the search NP

Impressive Experimental 

sensitivty

Ten order of magnitude 
better than the muon

<latexit sha1_base64="e4GvJHpufqlgOY8jByVOizixeXk=">AAACGHicbZA9SwNBEIb34leMX1FLm8UgWGi8E/EDLII2lhFMDORi2NtMdMnu3bE7J4bjfoaNf8XGQhHbdP4bNzGFRl9YeHhnhtl5g1gKg6776eSmpmdm5/LzhYXFpeWV4upa3USJ5lDjkYx0I2AGpAihhgIlNGINTAUSroPe+bB+fQ/aiCi8wn4MLcVuQ9EVnKG12sW9Tjv1VZLRU+qVj6mPQoGhnnuT7nonGfV3rAUPmMIQucraxZJbdkeif8EbQ4mMVW0XB34n4omCELlkxjQ9N8ZWyjQKLiEr+ImBmPEeu4WmxZDZ/a10dFhGt6zTod1I2xciHbk/J1KmjOmrwHYqhndmsjY0/6s1E+wet1IRxglCyL8XdRNJMaLDlGhHaOAo+xYY18L+lfI7phlHm2XBhuBNnvwX6vtl77B8eHlQqpyN48iTDbJJtolHjkiFXJAqqRFOHskzeSVvzpPz4rw7H9+tOWc8s05+yRl8AV4TnYI=</latexit>

dµ < 1.8→ 10→19 e cm

+ 
Naive scaling

<latexit sha1_base64="DhLtGFQ1ockutvqCeVeNLeG52GQ=">AAACD3icbVDLSsNAFJ3UV62vqEs3g0VxVRKR6rLoxmUF+4AmlMn0ph06k4SZiVBC/sCNv+LGhSJu3brzb5y2WWjrgYHDOedy554g4Uxpx/m2Siura+sb5c3K1vbO7p69f9BWcSoptGjMY9kNiALOImhppjl0EwlEBBw6wfhm6nceQCoWR/d6koAvyDBiIaNEG6lvnw76mSfSHHuKCeyFktBMzKXcEMixCUDet6tOzZkBLxO3IFVUoNm3v7xBTFMBkaacKNVznUT7GZGaUQ55xUsVJISOyRB6hkZEgPKz2T05PjHKAIexNC/SeKb+nsiIUGoiApMURI/UojcV//N6qQ6v/IxFSaohovNFYcqxjvG0HDxgEqjmE0MIlcz8FdMRMZ1oU2HFlOAunrxM2uc1t16r311UG9dFHWV0hI7RGXLRJWqgW9RELUTRI3pGr+jNerJerHfrYx4tWcXMIfoD6/MHMfCdaw==</latexit>

dµ → mµ
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de

Extremely suppressed

In SM
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<latexit sha1_base64="9foHrCAwt1s+Yx/MfiporhT1FTI=">AAACEHicbVA9SwNBEN3z2/gVtbRZDKKFhDsJainaiJWCUSEXwtxmoot7t8vunBiO/AQb/4qNhSK2lnb+GzcxhV8PBh7vzTAzLzFKOgrDj2BkdGx8YnJqujQzOze/UF5cOnM6twLrQittLxJwqGSGdZKk8MJYhDRReJ5cH/T98xu0TurslLoGmylcZrIjBZCXWuX1OAW6EqCKo168yWPCWyrAGATrOBCvcaW1cb1WuRJWwwH4XxINSYUNcdwqv8dtLfIUMxIKnGtEoaFmAZakUNgrxblDA+IaLrHhaQYpumYxeKjH17zS5h1tfWXEB+r3iQJS57pp4jv757vfXl/8z2vk1NltFjIzOWEmvhZ1csVJ8346vC0tClJdT0BY6W/l4gosCPIZlnwI0e+X/5KzrWq0Xd0+qVX29odxTLEVtso2WMR22B47ZMeszgS7Yw/siT0H98Fj8BK8frWOBMOZZfYDwdsnnb+c9w==</latexit>

J appears at 4 loops
<latexit sha1_base64="FVNkpxlj2IIrEyYMpf23wV3jT4I=">AAACDHicbVDLSgMxFM3UV62vqks3wSJU0DIjpbosunFnBfuATi2ZzG0bmswMSUYow3yAG3/FjQtF3PoB7vwb08dCWw8EDuecy809XsSZ0rb9bWWWlldW17LruY3Nre2d/O5eQ4WxpFCnIQ9lyyMKOAugrpnm0IokEOFxaHrDq7HffACpWBjc6VEEHUH6AesxSrSRuvmC300gxa5iAt8UHfs+OS2X02PsnmBwqR9qTIVJ2SV7ArxInBkpoBlq3fyX64c0FhBoyolSbceOdCchUjPKIc25sYKI0CHpQ9vQgAhQnWRyTIqPjOLjXijNC8z6sfp7IiFCqZHwTFIQPVDz3lj8z2vHunfRSVgQxRoCOl3UiznWIR43g30mgWo+MoRQycxfMR0QSag2/eVMCc78yYukcVZyKqXKbblQvZzVkUUH6BAVkYPOURVdoxqqI4oe0TN6RW/Wk/VivVsf02jGms3soz+wPn8AJGKZKA==</latexit>

de → O(10→44) e · cm

CP-violation: Jarlskog invariant (   )
<latexit sha1_base64="816aJAolfjh7UasMe2x4+6/Lj4g=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjMi1WXRjbiqYB8wHUomzbShmWRI7ghl6Ge4caGIW7/GnX9jpp2Fth4IHM65l5x7wkRwA6777ZTW1jc2t8rblZ3dvf2D6uFRx6hUU9amSijdC4lhgkvWBg6C9RLNSBwK1g0nt7nffWLacCUfYZqwICYjySNOCVjJ78cExpSI7H42qNbcujsHXiVeQWqoQGtQ/eoPFU1jJoEKYozvuQkEGdHAqWCzSj81LCF0QkbMt1SSmJkgm0ee4TOrDHGktH0S8Fz9vZGR2JhpHNrJPKJZ9nLxP89PIboOMi6TFJiki4+iVGBQOL8fD7lmFMTUEkI1t1kxHRNNKNiWKrYEb/nkVdK5qHuNeuPhsta8KeoooxN0is6Rh65QE92hFmojihR6Rq/ozQHnxXl3PhajJafYOUZ/4Hz+AIGNkWs=</latexit>J

[Pospelov, Ritz, 2014]
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Electron EDM

Still far from SM prediction !

eEDM is particularly well suited for the search NP

Impressive Experimental 

sensitivty

Ten order of magnitude 
better than the muon

<latexit sha1_base64="e4GvJHpufqlgOY8jByVOizixeXk=">AAACGHicbZA9SwNBEIb34leMX1FLm8UgWGi8E/EDLII2lhFMDORi2NtMdMnu3bE7J4bjfoaNf8XGQhHbdP4bNzGFRl9YeHhnhtl5g1gKg6776eSmpmdm5/LzhYXFpeWV4upa3USJ5lDjkYx0I2AGpAihhgIlNGINTAUSroPe+bB+fQ/aiCi8wn4MLcVuQ9EVnKG12sW9Tjv1VZLRU+qVj6mPQoGhnnuT7nonGfV3rAUPmMIQucraxZJbdkeif8EbQ4mMVW0XB34n4omCELlkxjQ9N8ZWyjQKLiEr+ImBmPEeu4WmxZDZ/a10dFhGt6zTod1I2xciHbk/J1KmjOmrwHYqhndmsjY0/6s1E+wet1IRxglCyL8XdRNJMaLDlGhHaOAo+xYY18L+lfI7phlHm2XBhuBNnvwX6vtl77B8eHlQqpyN48iTDbJJtolHjkiFXJAqqRFOHskzeSVvzpPz4rw7H9+tOWc8s05+yRl8AV4TnYI=</latexit>

dµ < 1.8→ 10→19 e cm

+ 
Naive scaling

<latexit sha1_base64="DhLtGFQ1ockutvqCeVeNLeG52GQ=">AAACD3icbVDLSsNAFJ3UV62vqEs3g0VxVRKR6rLoxmUF+4AmlMn0ph06k4SZiVBC/sCNv+LGhSJu3brzb5y2WWjrgYHDOedy554g4Uxpx/m2Siura+sb5c3K1vbO7p69f9BWcSoptGjMY9kNiALOImhppjl0EwlEBBw6wfhm6nceQCoWR/d6koAvyDBiIaNEG6lvnw76mSfSHHuKCeyFktBMzKXcEMixCUDet6tOzZkBLxO3IFVUoNm3v7xBTFMBkaacKNVznUT7GZGaUQ55xUsVJISOyRB6hkZEgPKz2T05PjHKAIexNC/SeKb+nsiIUGoiApMURI/UojcV//N6qQ6v/IxFSaohovNFYcqxjvG0HDxgEqjmE0MIlcz8FdMRMZ1oU2HFlOAunrxM2uc1t16r311UG9dFHWV0hI7RGXLRJWqgW9RELUTRI3pGr+jNerJerHfrYx4tWcXMIfoD6/MHMfCdaw==</latexit>

dµ → mµ
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Extremely suppressed

In SM
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<latexit sha1_base64="9foHrCAwt1s+Yx/MfiporhT1FTI=">AAACEHicbVA9SwNBEN3z2/gVtbRZDKKFhDsJainaiJWCUSEXwtxmoot7t8vunBiO/AQb/4qNhSK2lnb+GzcxhV8PBh7vzTAzLzFKOgrDj2BkdGx8YnJqujQzOze/UF5cOnM6twLrQittLxJwqGSGdZKk8MJYhDRReJ5cH/T98xu0TurslLoGmylcZrIjBZCXWuX1OAW6EqCKo168yWPCWyrAGATrOBCvcaW1cb1WuRJWwwH4XxINSYUNcdwqv8dtLfIUMxIKnGtEoaFmAZakUNgrxblDA+IaLrHhaQYpumYxeKjH17zS5h1tfWXEB+r3iQJS57pp4jv757vfXl/8z2vk1NltFjIzOWEmvhZ1csVJ8346vC0tClJdT0BY6W/l4gosCPIZlnwI0e+X/5KzrWq0Xd0+qVX29odxTLEVtso2WMR22B47ZMeszgS7Yw/siT0H98Fj8BK8frWOBMOZZfYDwdsnnb+c9w==</latexit>

J appears at 4 loops
<latexit sha1_base64="FVNkpxlj2IIrEyYMpf23wV3jT4I=">AAACDHicbVDLSgMxFM3UV62vqks3wSJU0DIjpbosunFnBfuATi2ZzG0bmswMSUYow3yAG3/FjQtF3PoB7vwb08dCWw8EDuecy809XsSZ0rb9bWWWlldW17LruY3Nre2d/O5eQ4WxpFCnIQ9lyyMKOAugrpnm0IokEOFxaHrDq7HffACpWBjc6VEEHUH6AesxSrSRuvmC300gxa5iAt8UHfs+OS2X02PsnmBwqR9qTIVJ2SV7ArxInBkpoBlq3fyX64c0FhBoyolSbceOdCchUjPKIc25sYKI0CHpQ9vQgAhQnWRyTIqPjOLjXijNC8z6sfp7IiFCqZHwTFIQPVDz3lj8z2vHunfRSVgQxRoCOl3UiznWIR43g30mgWo+MoRQycxfMR0QSag2/eVMCc78yYukcVZyKqXKbblQvZzVkUUH6BAVkYPOURVdoxqqI4oe0TN6RW/Wk/VivVsf02jGms3soz+wPn8AJGKZKA==</latexit>

de → O(10→44) e · cm

CP-violation: Jarlskog invariant (   )
<latexit sha1_base64="816aJAolfjh7UasMe2x4+6/Lj4g=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjMi1WXRjbiqYB8wHUomzbShmWRI7ghl6Ge4caGIW7/GnX9jpp2Fth4IHM65l5x7wkRwA6777ZTW1jc2t8rblZ3dvf2D6uFRx6hUU9amSijdC4lhgkvWBg6C9RLNSBwK1g0nt7nffWLacCUfYZqwICYjySNOCVjJ78cExpSI7H42qNbcujsHXiVeQWqoQGtQ/eoPFU1jJoEKYozvuQkEGdHAqWCzSj81LCF0QkbMt1SSmJkgm0ee4TOrDHGktH0S8Fz9vZGR2JhpHNrJPKJZ9nLxP89PIboOMi6TFJiki4+iVGBQOL8fD7lmFMTUEkI1t1kxHRNNKNiWKrYEb/nkVdK5qHuNeuPhsta8KeoooxN0is6Rh65QE92hFmojihR6Rq/ozQHnxXl3PhajJafYOUZ/4Hz+AIGNkWs=</latexit>J

[Pospelov, Ritz, 2014]
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Electron EDM

Still far from SM prediction !

eEDM is particularly well suited for the search NP

Impressive Experimental 

sensitivty

Detection of an eEDM in the forthcoming  
years would be a clear evidence for NP 

Ten order of magnitude 
better than the muon

<latexit sha1_base64="e4GvJHpufqlgOY8jByVOizixeXk=">AAACGHicbZA9SwNBEIb34leMX1FLm8UgWGi8E/EDLII2lhFMDORi2NtMdMnu3bE7J4bjfoaNf8XGQhHbdP4bNzGFRl9YeHhnhtl5g1gKg6776eSmpmdm5/LzhYXFpeWV4upa3USJ5lDjkYx0I2AGpAihhgIlNGINTAUSroPe+bB+fQ/aiCi8wn4MLcVuQ9EVnKG12sW9Tjv1VZLRU+qVj6mPQoGhnnuT7nonGfV3rAUPmMIQucraxZJbdkeif8EbQ4mMVW0XB34n4omCELlkxjQ9N8ZWyjQKLiEr+ImBmPEeu4WmxZDZ/a10dFhGt6zTod1I2xciHbk/J1KmjOmrwHYqhndmsjY0/6s1E+wet1IRxglCyL8XdRNJMaLDlGhHaOAo+xYY18L+lfI7phlHm2XBhuBNnvwX6vtl77B8eHlQqpyN48iTDbJJtolHjkiFXJAqqRFOHskzeSVvzpPz4rw7H9+tOWc8s05+yRl8AV4TnYI=</latexit>

dµ < 1.8→ 10→19 e cm

+ 
Naive scaling

<latexit sha1_base64="DhLtGFQ1ockutvqCeVeNLeG52GQ=">AAACD3icbVDLSsNAFJ3UV62vqEs3g0VxVRKR6rLoxmUF+4AmlMn0ph06k4SZiVBC/sCNv+LGhSJu3brzb5y2WWjrgYHDOedy554g4Uxpx/m2Siura+sb5c3K1vbO7p69f9BWcSoptGjMY9kNiALOImhppjl0EwlEBBw6wfhm6nceQCoWR/d6koAvyDBiIaNEG6lvnw76mSfSHHuKCeyFktBMzKXcEMixCUDet6tOzZkBLxO3IFVUoNm3v7xBTFMBkaacKNVznUT7GZGaUQ55xUsVJISOyRB6hkZEgPKz2T05PjHKAIexNC/SeKb+nsiIUGoiApMURI/UojcV//N6qQ6v/IxFSaohovNFYcqxjvG0HDxgEqjmE0MIlcz8FdMRMZ1oU2HFlOAunrxM2uc1t16r311UG9dFHWV0hI7RGXLRJWqgW9RELUTRI3pGr+jNerJerHfrYx4tWcXMIfoD6/MHMfCdaw==</latexit>

dµ → mµ
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de

Extremely suppressed

In SM

l l
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<latexit sha1_base64="9foHrCAwt1s+Yx/MfiporhT1FTI=">AAACEHicbVA9SwNBEN3z2/gVtbRZDKKFhDsJainaiJWCUSEXwtxmoot7t8vunBiO/AQb/4qNhSK2lnb+GzcxhV8PBh7vzTAzLzFKOgrDj2BkdGx8YnJqujQzOze/UF5cOnM6twLrQittLxJwqGSGdZKk8MJYhDRReJ5cH/T98xu0TurslLoGmylcZrIjBZCXWuX1OAW6EqCKo168yWPCWyrAGATrOBCvcaW1cb1WuRJWwwH4XxINSYUNcdwqv8dtLfIUMxIKnGtEoaFmAZakUNgrxblDA+IaLrHhaQYpumYxeKjH17zS5h1tfWXEB+r3iQJS57pp4jv757vfXl/8z2vk1NltFjIzOWEmvhZ1csVJ8346vC0tClJdT0BY6W/l4gosCPIZlnwI0e+X/5KzrWq0Xd0+qVX29odxTLEVtso2WMR22B47ZMeszgS7Yw/siT0H98Fj8BK8frWOBMOZZfYDwdsnnb+c9w==</latexit>

J appears at 4 loops
<latexit sha1_base64="FVNkpxlj2IIrEyYMpf23wV3jT4I=">AAACDHicbVDLSgMxFM3UV62vqks3wSJU0DIjpbosunFnBfuATi2ZzG0bmswMSUYow3yAG3/FjQtF3PoB7vwb08dCWw8EDuecy809XsSZ0rb9bWWWlldW17LruY3Nre2d/O5eQ4WxpFCnIQ9lyyMKOAugrpnm0IokEOFxaHrDq7HffACpWBjc6VEEHUH6AesxSrSRuvmC300gxa5iAt8UHfs+OS2X02PsnmBwqR9qTIVJ2SV7ArxInBkpoBlq3fyX64c0FhBoyolSbceOdCchUjPKIc25sYKI0CHpQ9vQgAhQnWRyTIqPjOLjXijNC8z6sfp7IiFCqZHwTFIQPVDz3lj8z2vHunfRSVgQxRoCOl3UiznWIR43g30mgWo+MoRQycxfMR0QSag2/eVMCc78yYukcVZyKqXKbblQvZzVkUUH6BAVkYPOURVdoxqqI4oe0TN6RW/Wk/VivVsf02jGms3soz+wPn8AJGKZKA==</latexit>

de → O(10→44) e · cm

CP-violation: Jarlskog invariant (   )
<latexit sha1_base64="816aJAolfjh7UasMe2x4+6/Lj4g=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjMi1WXRjbiqYB8wHUomzbShmWRI7ghl6Ge4caGIW7/GnX9jpp2Fth4IHM65l5x7wkRwA6777ZTW1jc2t8rblZ3dvf2D6uFRx6hUU9amSijdC4lhgkvWBg6C9RLNSBwK1g0nt7nffWLacCUfYZqwICYjySNOCVjJ78cExpSI7H42qNbcujsHXiVeQWqoQGtQ/eoPFU1jJoEKYozvuQkEGdHAqWCzSj81LCF0QkbMt1SSmJkgm0ee4TOrDHGktH0S8Fz9vZGR2JhpHNrJPKJZ9nLxP89PIboOMi6TFJiki4+iVGBQOL8fD7lmFMTUEkI1t1kxHRNNKNiWKrYEb/nkVdK5qHuNeuPhsta8KeoooxN0is6Rh65QE92hFmojihR6Rq/ozQHnxXl3PhajJafYOUZ/4Hz+AIGNkWs=</latexit>J

[Pospelov, Ritz, 2014]
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de ēωµωε5e F

µω +
GF↑
2
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Theory vs Experiments
eEDM is typically investigated in paramagnetic atoms or molecules (n,p,e)

<latexit sha1_base64="lvwkrs+Fx+LBNUWaAWgd/nMxLUw="></latexit>

LCP→odd = → i

2
de ēωµωε5e F

µω +
GF↑
2
CS ēiε5eN̄N + ...

Effective Lagrangian at the Exp. Scale:

 Exps. look for specific energy shift 

sensitive to CP-violation

Proportional to a larger class  
of CP-odd interactions  

than eEDM
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N =

(
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Theory vs Experiments
eEDM is typically investigated in paramagnetic atoms or molecules (n,p,e)

eEDM

<latexit sha1_base64="lvwkrs+Fx+LBNUWaAWgd/nMxLUw="></latexit>

LCP→odd = → i

2
de ēωµωε5e F

µω +
GF↑
2
CS ēiε5eN̄N + ...

Effective Lagrangian at the Exp. Scale:

 Exps. look for specific energy shift 

sensitive to CP-violation

Proportional to a larger class  
of CP-odd interactions  

than eEDM
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Theory vs Experiments
eEDM is typically investigated in paramagnetic atoms or molecules (n,p,e)

eEDM

<latexit sha1_base64="lvwkrs+Fx+LBNUWaAWgd/nMxLUw="></latexit>

LCP→odd = → i

2
de ēωµωε5e F

µω +
GF↑
2
CS ēiε5eN̄N + ...

Effective Lagrangian at the Exp. Scale:

Semi-leptonic CP-odd interaction 
between e and nucleons

 Exps. look for specific energy shift 

sensitive to CP-violation

Proportional to a larger class  
of CP-odd interactions  

than eEDM
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N =

(
p
n

)



5

Theory vs Experiments
eEDM is typically investigated in paramagnetic atoms or molecules (n,p,e)

eEDM

<latexit sha1_base64="lvwkrs+Fx+LBNUWaAWgd/nMxLUw="></latexit>

LCP→odd = → i

2
de ēωµωε5e F

µω +
GF↑
2
CS ēiε5eN̄N + ...

Effective Lagrangian at the Exp. Scale:

Semi-leptonic CP-odd interaction 
between e and nucleons

Nuclei-spin dependent, 
Z-N suppressed,… 

 Exps. look for specific energy shift 

sensitive to CP-violation

Proportional to a larger class  
of CP-odd interactions  

than eEDM
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n
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dequiv.sys = de +#CS e · cm
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dequiv.sys = de +#CS e · cm



6

The equivalent eEDM

Depend on the specific system
<latexit sha1_base64="Q84IGg1mR5iP0K4nFwWdcrIFO7A="></latexit>

ThO → 1.5↑ 10→20

HfF+ → 0.9↑ 10→20

<latexit sha1_base64="qlPWbnI6g4Jt/SZyGSM/evo0IuE=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48VTFtoQ9lspu3SzSbsboQS+hu8eFDEqz/Im//GbZuDVh8MPN6bYWZemAqujet+OaW19Y3NrfJ2ZWd3b/+genjU1kmmGPosEYnqhlSj4BJ9w43AbqqQxqHATji5nfudR1SaJ/LBTFMMYjqSfMgZNVbyo0GOs0G15tbdBchf4hWkBgVag+pnP0pYFqM0TFCte56bmiCnynAmcFbpZxpTyiZ0hD1LJY1RB/ni2Bk5s0pEhomyJQ1ZqD8nchprPY1D2xlTM9ar3lz8z+tlZngd5FymmUHJlouGmSAmIfPPScQVMiOmllCmuL2VsDFVlBmbT8WG4K2+/Je0L+peo964v6w1b4o4ynACp3AOHlxBE+6gBT4w4PAEL/DqSOfZeXPel60lp5g5hl9wPr4BBEuO1w==</latexit>

de
<latexit sha1_base64="BG8UDoPafZJyynugXryXl8D3Bv0=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELh4xyCOBDZkdGpgwO7uZmTUhGz7BiweN8eoXefNvHGAPClbSSaWqO91dQSy4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS0eJYthkkYhUJ6AaBZfYNNwI7MQKaRgIbAeT2txvP6HSPJKPZhqjH9KR5EPOqLFSo9Zv9Islt+wuQNaJl5ESZKj3i1+9QcSSEKVhgmrd9dzY+ClVhjOBs0Iv0RhTNqEj7FoqaYjaTxenzsiFVQZkGClb0pCF+nsipaHW0zCwnSE1Y73qzcX/vG5ihrd+ymWcGJRsuWiYCGIiMv+bDLhCZsTUEsoUt7cSNqaKMmPTKdgQvNWX10nrquxVypWH61L1LosjD2dwDpfgwQ1U4R7q0AQGI3iGV3hzhPPivDsfy9ack82cwh84nz/x/Y2Y</latexit>

CS

Actual observable 
One single experiment cannot 
distinguish between       and               

<latexit sha1_base64="JS4MWv8UDjTQ9M8ysYfqu/9Oj5s="></latexit>

dequiv.sys = de +#CS e · cm

How the scenario changes:



6

The equivalent eEDM
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distinguish between       and               
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dequiv.sys = de +#CS e · cm

How the scenario changes:

Experiments 

<latexit sha1_base64="vTD3BVAODiezUexkXWwMlJvu2ZQ="></latexit>

dequiv.HfF+ < 4.1→ 10→30 e · cm
dequiv.ThO < 1.1→ 10→29 e · cm

<latexit sha1_base64="C+9gThkgWThRVlFuhdlTi+9fkus="></latexit>

upper bounds on

de if CS = 0

used in our analysis
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The equivalent eEDM

Depend on the specific system
<latexit sha1_base64="Q84IGg1mR5iP0K4nFwWdcrIFO7A="></latexit>
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CS

Actual observable 
One single experiment cannot 
distinguish between       and               

<latexit sha1_base64="JS4MWv8UDjTQ9M8ysYfqu/9Oj5s="></latexit>

dequiv.sys = de +#CS e · cm

SM prediction 

<latexit sha1_base64="sQoUegODCgvkjfKU8CqWmSk3lLg="></latexit>

dequiv.
ThO

→ 1.0↑ 10→35 e · cm

Dominated by  
semileptonic interaction 

[Ema et al.,hep-ph/2202.10524]

How the scenario changes:

Experiments 

<latexit sha1_base64="vTD3BVAODiezUexkXWwMlJvu2ZQ="></latexit>

dequiv.HfF+ < 4.1→ 10→30 e · cm
dequiv.ThO < 1.1→ 10→29 e · cm

<latexit sha1_base64="C+9gThkgWThRVlFuhdlTi+9fkus="></latexit>

upper bounds on

de if CS = 0

used in our analysis

https://arxiv.org/abs/2202.10524
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The equivalent eEDM

Depend on the specific system
<latexit sha1_base64="Q84IGg1mR5iP0K4nFwWdcrIFO7A="></latexit>
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CS

Actual observable 
One single experiment cannot 
distinguish between       and               

<latexit sha1_base64="JS4MWv8UDjTQ9M8ysYfqu/9Oj5s="></latexit>

dequiv.sys = de +#CS e · cm

Still room for NP ! 

Short distance?

SM prediction 

<latexit sha1_base64="sQoUegODCgvkjfKU8CqWmSk3lLg="></latexit>

dequiv.
ThO

→ 1.0↑ 10→35 e · cm

Dominated by  
semileptonic interaction 

[Ema et al.,hep-ph/2202.10524]

How the scenario changes:

Experiments 

<latexit sha1_base64="vTD3BVAODiezUexkXWwMlJvu2ZQ="></latexit>

dequiv.HfF+ < 4.1→ 10→30 e · cm
dequiv.ThO < 1.1→ 10→29 e · cm
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upper bounds on

de if CS = 0

used in our analysis

https://arxiv.org/abs/2202.10524
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SMEFT in a nutshell
No clues about the possible UV completion of the SM

Model independent parametrization of our ignorance about the UV theory 
<latexit sha1_base64="BplGaFaRjwAkryROLyTn5NLou54="></latexit>

LSMEFT = LSM +
∑

i,n

C
(n)
i

!n
O

(n)
i

<latexit sha1_base64="5Ek2M7BVy4widv5JqDEDq6c+sBY=">AAACEXicbVC7TsMwFHXKq5RXgJHFokLqgKoEQYEBqYKFsUj0ITVV5bhOa9WxI9tBqqL+Agu/wsIAQqxsbPwNTpoBWs7i43Pu1b33+BGjSjvOt1VYWl5ZXSuulzY2t7Z37N29lhKxxKSJBROy4yNFGOWkqalmpBNJgkKfkbY/vkn99gORigp+rycR6YVoyGlAMdJG6tsV6IVIj2SYnF1C7xiKiEikhVTpJxDSPFPIr2qwb5edqpMBLhI3J2WQo9G3v7yBwHFIuMYMKdV1nUj3EiQ1xYxMS16sSITwGA1J11COQqJ6SXbRFB4ZZZDNDwTXMFN/dyQoVGoS+qYyXV/Ne6n4n9eNdXDRSyiPYk04ng0KYga1gGk8cEAlwZpNDEFYUrMrxCMkEdYmxJIJwZ0/eZG0TqpurVq7Oy3Xr/M4iuAAHIIKcME5qINb0ABNgMEjeAav4M16sl6sd+tjVlqw8p598AfW5w/vt5sw</latexit>

59 operators forn = 6
-4
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SMEFT in a nutshell
No clues about the possible UV completion of the SM

Model independent parametrization of our ignorance about the UV theory 
<latexit sha1_base64="BplGaFaRjwAkryROLyTn5NLou54="></latexit>

LSMEFT = LSM +
∑

i,n

C
(n)
i

!n
O

(n)
i

<latexit sha1_base64="5Ek2M7BVy4widv5JqDEDq6c+sBY=">AAACEXicbVC7TsMwFHXKq5RXgJHFokLqgKoEQYEBqYKFsUj0ITVV5bhOa9WxI9tBqqL+Agu/wsIAQqxsbPwNTpoBWs7i43Pu1b33+BGjSjvOt1VYWl5ZXSuulzY2t7Z37N29lhKxxKSJBROy4yNFGOWkqalmpBNJgkKfkbY/vkn99gORigp+rycR6YVoyGlAMdJG6tsV6IVIj2SYnF1C7xiKiEikhVTpJxDSPFPIr2qwb5edqpMBLhI3J2WQo9G3v7yBwHFIuMYMKdV1nUj3EiQ1xYxMS16sSITwGA1J11COQqJ6SXbRFB4ZZZDNDwTXMFN/dyQoVGoS+qYyXV/Ne6n4n9eNdXDRSyiPYk04ng0KYga1gGk8cEAlwZpNDEFYUrMrxCMkEdYmxJIJwZ0/eZG0TqpurVq7Oy3Xr/M4iuAAHIIKcME5qINb0ABNgMEjeAav4M16sl6sd+tjVlqw8p598AfW5w/vt5sw</latexit>

59 operators forn = 6
-4

Loop effects can induce operators mixing according to 

Ren. scale
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SMEFT in a nutshell
No clues about the possible UV completion of the SM

Model independent parametrization of our ignorance about the UV theory 
<latexit sha1_base64="BplGaFaRjwAkryROLyTn5NLou54="></latexit>

LSMEFT = LSM +
∑

i,n

C
(n)
i

!n
O

(n)
i

<latexit sha1_base64="5Ek2M7BVy4widv5JqDEDq6c+sBY=">AAACEXicbVC7TsMwFHXKq5RXgJHFokLqgKoEQYEBqYKFsUj0ITVV5bhOa9WxI9tBqqL+Agu/wsIAQqxsbPwNTpoBWs7i43Pu1b33+BGjSjvOt1VYWl5ZXSuulzY2t7Z37N29lhKxxKSJBROy4yNFGOWkqalmpBNJgkKfkbY/vkn99gORigp+rycR6YVoyGlAMdJG6tsV6IVIj2SYnF1C7xiKiEikhVTpJxDSPFPIr2qwb5edqpMBLhI3J2WQo9G3v7yBwHFIuMYMKdV1nUj3EiQ1xYxMS16sSITwGA1J11COQqJ6SXbRFB4ZZZDNDwTXMFN/dyQoVGoS+qYyXV/Ne6n4n9eNdXDRSyiPYk04ng0KYga1gGk8cEAlwZpNDEFYUrMrxCMkEdYmxJIJwZ0/eZG0TqpurVq7Oy3Xr/M4iuAAHIIKcME5qINb0ABNgMEjeAav4M16sl6sd+tjVlqw8p598AfW5w/vt5sw</latexit>

59 operators forn = 6
-4

Loop effects can induce operators mixing according to 

Ren. scale

Running, mixing and matching across the various EFTs is such that the  
equiv. EDM is sensitive to a broad class of operators

Long story short:
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A tower of EFTs
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A tower of EFTs

<latexit sha1_base64="Jrgq2XXc8/65yG8oEFzO2TZIR4o=">AAAB73icbVC7SgNBFL3rM8ZX1NJmMAhWYVckWgZtLCwimAckS7g7O5sMmZ1dZ2aFEPITNhaK2Po7dv6Nk2QLTTwwcDjnXObeE6SCa+O6387K6tr6xmZhq7i9s7u3Xzo4bOokU5Q1aCIS1Q5QM8ElaxhuBGunimEcCNYKhjdTv/XElOaJfDCjlPkx9iWPOEVjpXb3zkZDJL1S2a24M5Bl4uWkDDnqvdJXN0xoFjNpqECtO56bGn+MynAq2KTYzTRLkQ6xzzqWSoyZ9sezfSfk1CohiRJlnzRkpv6eGGOs9SgObDJGM9CL3lT8z+tkJrryx1ymmWGSzj+KMkFMQqbHk5ArRo0YWYJUcbsroQNUSI2tqGhL8BZPXibN84pXrVTvL8q167yOAhzDCZyBB5dQg1uoQwMoCHiGV3hzHp0X5935mEdXnHzmCP7A+fwBZ0SPkg==</latexit>

!

<latexit sha1_base64="OFroRH0C4gj4+8LHsZvTBswwm+M=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI9BLx4jmgckS5idzCZD5rHMzAphySd48aCIV7/Im3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+nfntJ6oNU/LRThIaCjyULGYEWyc9iH67X674VX8OtEqCnFQgR6Nf/uoNFEkFlZZwbEw38BMbZlhbRjidlnqpoQkmYzykXUclFtSE2fzUKTpzygDFSruSFs3V3xMZFsZMROQ6BbYjs+zNxP+8bmrj6zBjMkktlWSxKE45sgrN/kYDpimxfOIIJpq5WxEZYY2JdemUXAjB8surpHVRDWrV2v1lpX6Tx1GEEziFcwjgCupwBw1oAoEhPMMrvHnce/HevY9Fa8HLZ47hD7zPHzgYjcY=</latexit>mW

<latexit sha1_base64="Qu+MbJf5b4ZI7MsgZagQ68yC4M8=">AAAB+nicbVBNS8NAEJ34WetXqkcvi0XwICUpUj0WPeixgv2AJpTNdtMu3U3C7kYpsT/FiwdFvPpLvPlv3LY5aOuDgcd7M8zMCxLOlHacb2tldW19Y7OwVdze2d3bt0sHLRWnktAmiXksOwFWlLOINjXTnHYSSbEIOG0Ho+up336gUrE4utfjhPoCDyIWMoK1kXp2yVNMoCryzpAnBbqhrZ5ddirODGiZuDkpQ45Gz/7y+jFJBY004Viprusk2s+w1IxwOil6qaIJJiM8oF1DIyyo8rPZ6RN0YpQ+CmNpKtJopv6eyLBQaiwC0ymwHqpFbyr+53VTHV76GYuSVNOIzBeFKUc6RtMcUJ9JSjQfG4KJZOZWRIZYYqJNWkUTgrv48jJpVSturVK7Oy/Xr/I4CnAEx3AKLlxAHW6hAU0g8AjP8Apv1pP1Yr1bH/PWFSufOYQ/sD5/AOOjknw=</latexit>

→ 2GeV

<latexit sha1_base64="M+lOquTQy7GbqPuLK+o9H2BZLwI=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4KolI9VgUwWMF+wFtKJvtpF262YTdjVhCf4QXD4p49fd489+4bXPQ1gcDj/dmmJkXJIJr47rfzsrq2vrGZmGruL2zu7dfOjhs6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVZq3fYyfEomvVLZrbgzkGXi5aQMOeq90le3H7M0QmmYoFp3PDcxfkaV4UzgpNhNNSaUjegAO5ZKGqH2s9m5E3JqlT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6e+kzxUyI8aWUKa4vZWwIVWUGZtQ0YbgLb68TJrnFa9aqd5flGvXeRwFOIYTOAMPLqEGd1CHBjAYwTO8wpuTOC/Ou/Mxb11x8pkj+APn8weCxI+0</latexit>

Eexp

UV theory ?

SMEFT
<latexit sha1_base64="rtiHRauPyuhyH57k+r6K8+/Ewps=">AAACDXicbVC7TsMwFHXKq5RXgJHFoiC1S5UUVBgrWBgYiiAtqI0ix3Vaq44T2Q5SFfUHWPgVFgYQYmVn429w2yBBy5EsnXvOvbq+x48ZlcqyvozcwuLS8kp+tbC2vrG5ZW7vNGWUCEwcHLFI3PpIEkY5cRRVjNzGgqDQZ6TlD87HfuueCEkjfqOGMXFD1OM0oBgpLXnmwbVTOip7GHYUDYmEuqyWvcuf0inZZe/OM4tWxZoAzhM7I0WQoeGZn51uhJOQcIUZkrJtW7FyUyQUxYyMCp1EkhjhAeqRtqYc6V1uOrlmBA+10oVBJPTjCk7U3xMpCqUchr7uDJHqy1lvLP7ntRMVnLop5XGiCMfTRUHCoIrgOBrYpYJgxYaaICyo/ivEfSQQVjrAgg7Bnj15njSrFbtWqV0dF+tnWRx5sAf2QQnY4ATUwQVoAAdg8ACewAt4NR6NZ+PNeJ+25oxsZhf8gfHxDd4zmO0=</latexit>

SU(3)c → SU(2)L → U(1)Y

LEFT
<latexit sha1_base64="HdRzIjaN9LMsYqi7j0YCSaJnXHM=">AAACAXicbVBNS8NAEN3Ur1q/ol4EL4tFaC8lUakei148VjSt0Iaw2W7apbubsLsRSqgX/4oXD4p49V9489+4bXPQ1gcDj/dmmJkXJowq7TjfVmFpeWV1rbhe2tjc2t6xd/daKk4lJh6OWSzvQ6QIo4J4mmpG7hNJEA8ZaYfDq4nffiBS0Vjc6VFCfI76gkYUI22kwD649Sqn1QDDrqacKOhV3GqQET4O7LJTc6aAi8TNSRnkaAb2V7cX45QToTFDSnVcJ9F+hqSmmJFxqZsqkiA8RH3SMVQgs87Pph+M4bFRejCKpSmh4VT9PZEhrtSIh6aTIz1Q895E/M/rpDq68DMqklQTgWeLopRBHcNJHLBHJcGajQxBWFJzK8QDJBHWJrSSCcGdf3mRtE5qbr1WvzkrNy7zOIrgEByBCnDBOWiAa9AEHsDgETyDV/BmPVkv1rv1MWstWPnMPvgD6/MH8wqVUg==</latexit>

SU(3)c → U(1)em

<latexit sha1_base64="8Vxei+9svJJd4f0Zd7PVXFgRcVU=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V+gVJKJvtpl26uwm7G6GE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSjnTxnW/ndLG5tb2Tnm3srd/cHhUPT7p6iRThHZIwhPVj7CmnEnaMcxw2k8VxSLitBdN7ud+74kqzRLZNtOUhgKPJIsZwcZKfkDGDAVKoFZ7UK25dXcBtE68gtSgQGtQ/QqGCckElYZwrLXvuakJc6wMI5zOKkGmaYrJBI+ob6nEguowX5w8QxdWGaI4UbakQQv190SOhdZTEdlOgc1Yr3pz8T/Pz0x8G+ZMppmhkiwXxRlHJkHz/9GQKUoMn1qCiWL2VkTGWGFibEoVG4K3+vI66V7VvUa98Xhda94VcZThDM7hEjy4gSY8QAs6QCCBZ3iFN8c4L86787FsLTnFzCn8gfP5A04vkKI=</latexit>

ωPT
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<latexit sha1_base64="Jrgq2XXc8/65yG8oEFzO2TZIR4o=">AAAB73icbVC7SgNBFL3rM8ZX1NJmMAhWYVckWgZtLCwimAckS7g7O5sMmZ1dZ2aFEPITNhaK2Po7dv6Nk2QLTTwwcDjnXObeE6SCa+O6387K6tr6xmZhq7i9s7u3Xzo4bOokU5Q1aCIS1Q5QM8ElaxhuBGunimEcCNYKhjdTv/XElOaJfDCjlPkx9iWPOEVjpXb3zkZDJL1S2a24M5Bl4uWkDDnqvdJXN0xoFjNpqECtO56bGn+MynAq2KTYzTRLkQ6xzzqWSoyZ9sezfSfk1CohiRJlnzRkpv6eGGOs9SgObDJGM9CL3lT8z+tkJrryx1ymmWGSzj+KMkFMQqbHk5ArRo0YWYJUcbsroQNUSI2tqGhL8BZPXibN84pXrVTvL8q167yOAhzDCZyBB5dQg1uoQwMoCHiGV3hzHp0X5935mEdXnHzmCP7A+fwBZ0SPkg==</latexit>

!

<latexit sha1_base64="OFroRH0C4gj4+8LHsZvTBswwm+M=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI9BLx4jmgckS5idzCZD5rHMzAphySd48aCIV7/Im3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+nfntJ6oNU/LRThIaCjyULGYEWyc9iH67X674VX8OtEqCnFQgR6Nf/uoNFEkFlZZwbEw38BMbZlhbRjidlnqpoQkmYzykXUclFtSE2fzUKTpzygDFSruSFs3V3xMZFsZMROQ6BbYjs+zNxP+8bmrj6zBjMkktlWSxKE45sgrN/kYDpimxfOIIJpq5WxEZYY2JdemUXAjB8surpHVRDWrV2v1lpX6Tx1GEEziFcwjgCupwBw1oAoEhPMMrvHnce/HevY9Fa8HLZ47hD7zPHzgYjcY=</latexit>mW

<latexit sha1_base64="Qu+MbJf5b4ZI7MsgZagQ68yC4M8=">AAAB+nicbVBNS8NAEJ34WetXqkcvi0XwICUpUj0WPeixgv2AJpTNdtMu3U3C7kYpsT/FiwdFvPpLvPlv3LY5aOuDgcd7M8zMCxLOlHacb2tldW19Y7OwVdze2d3bt0sHLRWnktAmiXksOwFWlLOINjXTnHYSSbEIOG0Ho+up336gUrE4utfjhPoCDyIWMoK1kXp2yVNMoCryzpAnBbqhrZ5ddirODGiZuDkpQ45Gz/7y+jFJBY004Viprusk2s+w1IxwOil6qaIJJiM8oF1DIyyo8rPZ6RN0YpQ+CmNpKtJopv6eyLBQaiwC0ymwHqpFbyr+53VTHV76GYuSVNOIzBeFKUc6RtMcUJ9JSjQfG4KJZOZWRIZYYqJNWkUTgrv48jJpVSturVK7Oy/Xr/I4CnAEx3AKLlxAHW6hAU0g8AjP8Apv1pP1Yr1bH/PWFSufOYQ/sD5/AOOjknw=</latexit>

→ 2GeV

<latexit sha1_base64="M+lOquTQy7GbqPuLK+o9H2BZLwI=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4KolI9VgUwWMF+wFtKJvtpF262YTdjVhCf4QXD4p49fd489+4bXPQ1gcDj/dmmJkXJIJr47rfzsrq2vrGZmGruL2zu7dfOjhs6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVZq3fYyfEomvVLZrbgzkGXi5aQMOeq90le3H7M0QmmYoFp3PDcxfkaV4UzgpNhNNSaUjegAO5ZKGqH2s9m5E3JqlT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6e+kzxUyI8aWUKa4vZWwIVWUGZtQ0YbgLb68TJrnFa9aqd5flGvXeRwFOIYTOAMPLqEGd1CHBjAYwTO8wpuTOC/Ou/Mxb11x8pkj+APn8weCxI+0</latexit>

Eexp

UV theory ?

SMEFT
<latexit sha1_base64="rtiHRauPyuhyH57k+r6K8+/Ewps=">AAACDXicbVC7TsMwFHXKq5RXgJHFoiC1S5UUVBgrWBgYiiAtqI0ix3Vaq44T2Q5SFfUHWPgVFgYQYmVn429w2yBBy5EsnXvOvbq+x48ZlcqyvozcwuLS8kp+tbC2vrG5ZW7vNGWUCEwcHLFI3PpIEkY5cRRVjNzGgqDQZ6TlD87HfuueCEkjfqOGMXFD1OM0oBgpLXnmwbVTOip7GHYUDYmEuqyWvcuf0inZZe/OM4tWxZoAzhM7I0WQoeGZn51uhJOQcIUZkrJtW7FyUyQUxYyMCp1EkhjhAeqRtqYc6V1uOrlmBA+10oVBJPTjCk7U3xMpCqUchr7uDJHqy1lvLP7ntRMVnLop5XGiCMfTRUHCoIrgOBrYpYJgxYaaICyo/ivEfSQQVjrAgg7Bnj15njSrFbtWqV0dF+tnWRx5sAf2QQnY4ATUwQVoAAdg8ACewAt4NR6NZ+PNeJ+25oxsZhf8gfHxDd4zmO0=</latexit>

SU(3)c → SU(2)L → U(1)Y

LEFT
<latexit sha1_base64="HdRzIjaN9LMsYqi7j0YCSaJnXHM=">AAACAXicbVBNS8NAEN3Ur1q/ol4EL4tFaC8lUakei148VjSt0Iaw2W7apbubsLsRSqgX/4oXD4p49V9489+4bXPQ1gcDj/dmmJkXJowq7TjfVmFpeWV1rbhe2tjc2t6xd/daKk4lJh6OWSzvQ6QIo4J4mmpG7hNJEA8ZaYfDq4nffiBS0Vjc6VFCfI76gkYUI22kwD649Sqn1QDDrqacKOhV3GqQET4O7LJTc6aAi8TNSRnkaAb2V7cX45QToTFDSnVcJ9F+hqSmmJFxqZsqkiA8RH3SMVQgs87Pph+M4bFRejCKpSmh4VT9PZEhrtSIh6aTIz1Q895E/M/rpDq68DMqklQTgWeLopRBHcNJHLBHJcGajQxBWFJzK8QDJBHWJrSSCcGdf3mRtE5qbr1WvzkrNy7zOIrgEByBCnDBOWiAa9AEHsDgETyDV/BmPVkv1rv1MWstWPnMPvgD6/MH8wqVUg==</latexit>

SU(3)c → U(1)em

<latexit sha1_base64="8Vxei+9svJJd4f0Zd7PVXFgRcVU=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V+gVJKJvtpl26uwm7G6GE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSjnTxnW/ndLG5tb2Tnm3srd/cHhUPT7p6iRThHZIwhPVj7CmnEnaMcxw2k8VxSLitBdN7ud+74kqzRLZNtOUhgKPJIsZwcZKfkDGDAVKoFZ7UK25dXcBtE68gtSgQGtQ/QqGCckElYZwrLXvuakJc6wMI5zOKkGmaYrJBI+ob6nEguowX5w8QxdWGaI4UbakQQv190SOhdZTEdlOgc1Yr3pz8T/Pz0x8G+ZMppmhkiwXxRlHJkHz/9GQKUoMn1qCiWL2VkTGWGFibEoVG4K3+vI66V7VvUa98Xhda94VcZThDM7hEjy4gSY8QAs6QCCBZ3iFN8c4L86787FsLTnFzCn8gfP5A04vkKI=</latexit>

ωPT

One operator at a time 

<latexit sha1_base64="BplGaFaRjwAkryROLyTn5NLou54="></latexit>

LSMEFT = LSM +
∑

i,n

C
(n)
i

!n
O

(n)
i

We fixed NP scale at 10 TeV
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<latexit sha1_base64="Jrgq2XXc8/65yG8oEFzO2TZIR4o=">AAAB73icbVC7SgNBFL3rM8ZX1NJmMAhWYVckWgZtLCwimAckS7g7O5sMmZ1dZ2aFEPITNhaK2Po7dv6Nk2QLTTwwcDjnXObeE6SCa+O6387K6tr6xmZhq7i9s7u3Xzo4bOokU5Q1aCIS1Q5QM8ElaxhuBGunimEcCNYKhjdTv/XElOaJfDCjlPkx9iWPOEVjpXb3zkZDJL1S2a24M5Bl4uWkDDnqvdJXN0xoFjNpqECtO56bGn+MynAq2KTYzTRLkQ6xzzqWSoyZ9sezfSfk1CohiRJlnzRkpv6eGGOs9SgObDJGM9CL3lT8z+tkJrryx1ymmWGSzj+KMkFMQqbHk5ArRo0YWYJUcbsroQNUSI2tqGhL8BZPXibN84pXrVTvL8q167yOAhzDCZyBB5dQg1uoQwMoCHiGV3hzHp0X5935mEdXnHzmCP7A+fwBZ0SPkg==</latexit>

!

<latexit sha1_base64="OFroRH0C4gj4+8LHsZvTBswwm+M=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI9BLx4jmgckS5idzCZD5rHMzAphySd48aCIV7/Im3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+nfntJ6oNU/LRThIaCjyULGYEWyc9iH67X674VX8OtEqCnFQgR6Nf/uoNFEkFlZZwbEw38BMbZlhbRjidlnqpoQkmYzykXUclFtSE2fzUKTpzygDFSruSFs3V3xMZFsZMROQ6BbYjs+zNxP+8bmrj6zBjMkktlWSxKE45sgrN/kYDpimxfOIIJpq5WxEZYY2JdemUXAjB8surpHVRDWrV2v1lpX6Tx1GEEziFcwjgCupwBw1oAoEhPMMrvHnce/HevY9Fa8HLZ47hD7zPHzgYjcY=</latexit>mW

<latexit sha1_base64="Qu+MbJf5b4ZI7MsgZagQ68yC4M8=">AAAB+nicbVBNS8NAEJ34WetXqkcvi0XwICUpUj0WPeixgv2AJpTNdtMu3U3C7kYpsT/FiwdFvPpLvPlv3LY5aOuDgcd7M8zMCxLOlHacb2tldW19Y7OwVdze2d3bt0sHLRWnktAmiXksOwFWlLOINjXTnHYSSbEIOG0Ho+up336gUrE4utfjhPoCDyIWMoK1kXp2yVNMoCryzpAnBbqhrZ5ddirODGiZuDkpQ45Gz/7y+jFJBY004Viprusk2s+w1IxwOil6qaIJJiM8oF1DIyyo8rPZ6RN0YpQ+CmNpKtJopv6eyLBQaiwC0ymwHqpFbyr+53VTHV76GYuSVNOIzBeFKUc6RtMcUJ9JSjQfG4KJZOZWRIZYYqJNWkUTgrv48jJpVSturVK7Oy/Xr/I4CnAEx3AKLlxAHW6hAU0g8AjP8Apv1pP1Yr1bH/PWFSufOYQ/sD5/AOOjknw=</latexit>

→ 2GeV

<latexit sha1_base64="M+lOquTQy7GbqPuLK+o9H2BZLwI=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4KolI9VgUwWMF+wFtKJvtpF262YTdjVhCf4QXD4p49fd489+4bXPQ1gcDj/dmmJkXJIJr47rfzsrq2vrGZmGruL2zu7dfOjhs6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVZq3fYyfEomvVLZrbgzkGXi5aQMOeq90le3H7M0QmmYoFp3PDcxfkaV4UzgpNhNNSaUjegAO5ZKGqH2s9m5E3JqlT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6e+kzxUyI8aWUKa4vZWwIVWUGZtQ0YbgLb68TJrnFa9aqd5flGvXeRwFOIYTOAMPLqEGd1CHBjAYwTO8wpuTOC/Ou/Mxb11x8pkj+APn8weCxI+0</latexit>

Eexp

UV theory ?

SMEFT
<latexit sha1_base64="rtiHRauPyuhyH57k+r6K8+/Ewps=">AAACDXicbVC7TsMwFHXKq5RXgJHFoiC1S5UUVBgrWBgYiiAtqI0ix3Vaq44T2Q5SFfUHWPgVFgYQYmVn429w2yBBy5EsnXvOvbq+x48ZlcqyvozcwuLS8kp+tbC2vrG5ZW7vNGWUCEwcHLFI3PpIEkY5cRRVjNzGgqDQZ6TlD87HfuueCEkjfqOGMXFD1OM0oBgpLXnmwbVTOip7GHYUDYmEuqyWvcuf0inZZe/OM4tWxZoAzhM7I0WQoeGZn51uhJOQcIUZkrJtW7FyUyQUxYyMCp1EkhjhAeqRtqYc6V1uOrlmBA+10oVBJPTjCk7U3xMpCqUchr7uDJHqy1lvLP7ntRMVnLop5XGiCMfTRUHCoIrgOBrYpYJgxYaaICyo/ivEfSQQVjrAgg7Bnj15njSrFbtWqV0dF+tnWRx5sAf2QQnY4ATUwQVoAAdg8ACewAt4NR6NZ+PNeJ+25oxsZhf8gfHxDd4zmO0=</latexit>

SU(3)c → SU(2)L → U(1)Y

LEFT
<latexit sha1_base64="HdRzIjaN9LMsYqi7j0YCSaJnXHM=">AAACAXicbVBNS8NAEN3Ur1q/ol4EL4tFaC8lUakei148VjSt0Iaw2W7apbubsLsRSqgX/4oXD4p49V9489+4bXPQ1gcDj/dmmJkXJowq7TjfVmFpeWV1rbhe2tjc2t6xd/daKk4lJh6OWSzvQ6QIo4J4mmpG7hNJEA8ZaYfDq4nffiBS0Vjc6VFCfI76gkYUI22kwD649Sqn1QDDrqacKOhV3GqQET4O7LJTc6aAi8TNSRnkaAb2V7cX45QToTFDSnVcJ9F+hqSmmJFxqZsqkiA8RH3SMVQgs87Pph+M4bFRejCKpSmh4VT9PZEhrtSIh6aTIz1Q895E/M/rpDq68DMqklQTgWeLopRBHcNJHLBHJcGajQxBWFJzK8QDJBHWJrSSCcGdf3mRtE5qbr1WvzkrNy7zOIrgEByBCnDBOWiAa9AEHsDgETyDV/BmPVkv1rv1MWstWPnMPvgD6/MH8wqVUg==</latexit>

SU(3)c → U(1)em

<latexit sha1_base64="8Vxei+9svJJd4f0Zd7PVXFgRcVU=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V+gVJKJvtpl26uwm7G6GE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSjnTxnW/ndLG5tb2Tnm3srd/cHhUPT7p6iRThHZIwhPVj7CmnEnaMcxw2k8VxSLitBdN7ud+74kqzRLZNtOUhgKPJIsZwcZKfkDGDAVKoFZ7UK25dXcBtE68gtSgQGtQ/QqGCckElYZwrLXvuakJc6wMI5zOKkGmaYrJBI+ob6nEguowX5w8QxdWGaI4UbakQQv190SOhdZTEdlOgc1Yr3pz8T/Pz0x8G+ZMppmhkiwXxRlHJkHz/9GQKUoMn1qCiWL2VkTGWGFibEoVG4K3+vI66V7VvUa98Xhda94VcZThDM7hEjy4gSY8QAs6QCCBZ3iFN8c4L86787FsLTnFzCn8gfP5A04vkKI=</latexit>

ωPT

wilson

One operator at a time 

<latexit sha1_base64="BplGaFaRjwAkryROLyTn5NLou54="></latexit>

LSMEFT = LSM +
∑

i,n

C
(n)
i

!n
O

(n)
i

We fixed NP scale at 10 TeV
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A tower of EFTs

<latexit sha1_base64="Jrgq2XXc8/65yG8oEFzO2TZIR4o=">AAAB73icbVC7SgNBFL3rM8ZX1NJmMAhWYVckWgZtLCwimAckS7g7O5sMmZ1dZ2aFEPITNhaK2Po7dv6Nk2QLTTwwcDjnXObeE6SCa+O6387K6tr6xmZhq7i9s7u3Xzo4bOokU5Q1aCIS1Q5QM8ElaxhuBGunimEcCNYKhjdTv/XElOaJfDCjlPkx9iWPOEVjpXb3zkZDJL1S2a24M5Bl4uWkDDnqvdJXN0xoFjNpqECtO56bGn+MynAq2KTYzTRLkQ6xzzqWSoyZ9sezfSfk1CohiRJlnzRkpv6eGGOs9SgObDJGM9CL3lT8z+tkJrryx1ymmWGSzj+KMkFMQqbHk5ArRo0YWYJUcbsroQNUSI2tqGhL8BZPXibN84pXrVTvL8q167yOAhzDCZyBB5dQg1uoQwMoCHiGV3hzHp0X5935mEdXnHzmCP7A+fwBZ0SPkg==</latexit>

!

<latexit sha1_base64="OFroRH0C4gj4+8LHsZvTBswwm+M=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI9BLx4jmgckS5idzCZD5rHMzAphySd48aCIV7/Im3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+nfntJ6oNU/LRThIaCjyULGYEWyc9iH67X674VX8OtEqCnFQgR6Nf/uoNFEkFlZZwbEw38BMbZlhbRjidlnqpoQkmYzykXUclFtSE2fzUKTpzygDFSruSFs3V3xMZFsZMROQ6BbYjs+zNxP+8bmrj6zBjMkktlWSxKE45sgrN/kYDpimxfOIIJpq5WxEZYY2JdemUXAjB8surpHVRDWrV2v1lpX6Tx1GEEziFcwjgCupwBw1oAoEhPMMrvHnce/HevY9Fa8HLZ47hD7zPHzgYjcY=</latexit>mW

<latexit sha1_base64="Qu+MbJf5b4ZI7MsgZagQ68yC4M8=">AAAB+nicbVBNS8NAEJ34WetXqkcvi0XwICUpUj0WPeixgv2AJpTNdtMu3U3C7kYpsT/FiwdFvPpLvPlv3LY5aOuDgcd7M8zMCxLOlHacb2tldW19Y7OwVdze2d3bt0sHLRWnktAmiXksOwFWlLOINjXTnHYSSbEIOG0Ho+up336gUrE4utfjhPoCDyIWMoK1kXp2yVNMoCryzpAnBbqhrZ5ddirODGiZuDkpQ45Gz/7y+jFJBY004Viprusk2s+w1IxwOil6qaIJJiM8oF1DIyyo8rPZ6RN0YpQ+CmNpKtJopv6eyLBQaiwC0ymwHqpFbyr+53VTHV76GYuSVNOIzBeFKUc6RtMcUJ9JSjQfG4KJZOZWRIZYYqJNWkUTgrv48jJpVSturVK7Oy/Xr/I4CnAEx3AKLlxAHW6hAU0g8AjP8Apv1pP1Yr1bH/PWFSufOYQ/sD5/AOOjknw=</latexit>

→ 2GeV

<latexit sha1_base64="M+lOquTQy7GbqPuLK+o9H2BZLwI=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4KolI9VgUwWMF+wFtKJvtpF262YTdjVhCf4QXD4p49fd489+4bXPQ1gcDj/dmmJkXJIJr47rfzsrq2vrGZmGruL2zu7dfOjhs6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVZq3fYyfEomvVLZrbgzkGXi5aQMOeq90le3H7M0QmmYoFp3PDcxfkaV4UzgpNhNNSaUjegAO5ZKGqH2s9m5E3JqlT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6e+kzxUyI8aWUKa4vZWwIVWUGZtQ0YbgLb68TJrnFa9aqd5flGvXeRwFOIYTOAMPLqEGd1CHBjAYwTO8wpuTOC/Ou/Mxb11x8pkj+APn8weCxI+0</latexit>

Eexp

UV theory ?

SMEFT
<latexit sha1_base64="rtiHRauPyuhyH57k+r6K8+/Ewps=">AAACDXicbVC7TsMwFHXKq5RXgJHFoiC1S5UUVBgrWBgYiiAtqI0ix3Vaq44T2Q5SFfUHWPgVFgYQYmVn429w2yBBy5EsnXvOvbq+x48ZlcqyvozcwuLS8kp+tbC2vrG5ZW7vNGWUCEwcHLFI3PpIEkY5cRRVjNzGgqDQZ6TlD87HfuueCEkjfqOGMXFD1OM0oBgpLXnmwbVTOip7GHYUDYmEuqyWvcuf0inZZe/OM4tWxZoAzhM7I0WQoeGZn51uhJOQcIUZkrJtW7FyUyQUxYyMCp1EkhjhAeqRtqYc6V1uOrlmBA+10oVBJPTjCk7U3xMpCqUchr7uDJHqy1lvLP7ntRMVnLop5XGiCMfTRUHCoIrgOBrYpYJgxYaaICyo/ivEfSQQVjrAgg7Bnj15njSrFbtWqV0dF+tnWRx5sAf2QQnY4ATUwQVoAAdg8ACewAt4NR6NZ+PNeJ+25oxsZhf8gfHxDd4zmO0=</latexit>

SU(3)c → SU(2)L → U(1)Y

LEFT
<latexit sha1_base64="HdRzIjaN9LMsYqi7j0YCSaJnXHM=">AAACAXicbVBNS8NAEN3Ur1q/ol4EL4tFaC8lUakei148VjSt0Iaw2W7apbubsLsRSqgX/4oXD4p49V9489+4bXPQ1gcDj/dmmJkXJowq7TjfVmFpeWV1rbhe2tjc2t6xd/daKk4lJh6OWSzvQ6QIo4J4mmpG7hNJEA8ZaYfDq4nffiBS0Vjc6VFCfI76gkYUI22kwD649Sqn1QDDrqacKOhV3GqQET4O7LJTc6aAi8TNSRnkaAb2V7cX45QToTFDSnVcJ9F+hqSmmJFxqZsqkiA8RH3SMVQgs87Pph+M4bFRejCKpSmh4VT9PZEhrtSIh6aTIz1Q895E/M/rpDq68DMqklQTgWeLopRBHcNJHLBHJcGajQxBWFJzK8QDJBHWJrSSCcGdf3mRtE5qbr1WvzkrNy7zOIrgEByBCnDBOWiAa9AEHsDgETyDV/BmPVkv1rv1MWstWPnMPvgD6/MH8wqVUg==</latexit>

SU(3)c → U(1)em

<latexit sha1_base64="8Vxei+9svJJd4f0Zd7PVXFgRcVU=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V+gVJKJvtpl26uwm7G6GE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSjnTxnW/ndLG5tb2Tnm3srd/cHhUPT7p6iRThHZIwhPVj7CmnEnaMcxw2k8VxSLitBdN7ud+74kqzRLZNtOUhgKPJIsZwcZKfkDGDAVKoFZ7UK25dXcBtE68gtSgQGtQ/QqGCckElYZwrLXvuakJc6wMI5zOKkGmaYrJBI+ob6nEguowX5w8QxdWGaI4UbakQQv190SOhdZTEdlOgc1Yr3pz8T/Pz0x8G+ZMppmhkiwXxRlHJkHz/9GQKUoMn1qCiWL2VkTGWGFibEoVG4K3+vI66V7VvUa98Xhda94VcZThDM7hEjy4gSY8QAs6QCCBZ3iFN8c4L86787FsLTnFzCn8gfP5A04vkKI=</latexit>

ωPT

wilson Automated running and matching  
SMEFT-LEFT

One operator at a time 

<latexit sha1_base64="BplGaFaRjwAkryROLyTn5NLou54="></latexit>

LSMEFT = LSM +
∑

i,n

C
(n)
i

!n
O

(n)
i

We fixed NP scale at 10 TeV
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A tower of EFTs

<latexit sha1_base64="Jrgq2XXc8/65yG8oEFzO2TZIR4o=">AAAB73icbVC7SgNBFL3rM8ZX1NJmMAhWYVckWgZtLCwimAckS7g7O5sMmZ1dZ2aFEPITNhaK2Po7dv6Nk2QLTTwwcDjnXObeE6SCa+O6387K6tr6xmZhq7i9s7u3Xzo4bOokU5Q1aCIS1Q5QM8ElaxhuBGunimEcCNYKhjdTv/XElOaJfDCjlPkx9iWPOEVjpXb3zkZDJL1S2a24M5Bl4uWkDDnqvdJXN0xoFjNpqECtO56bGn+MynAq2KTYzTRLkQ6xzzqWSoyZ9sezfSfk1CohiRJlnzRkpv6eGGOs9SgObDJGM9CL3lT8z+tkJrryx1ymmWGSzj+KMkFMQqbHk5ArRo0YWYJUcbsroQNUSI2tqGhL8BZPXibN84pXrVTvL8q167yOAhzDCZyBB5dQg1uoQwMoCHiGV3hzHp0X5935mEdXnHzmCP7A+fwBZ0SPkg==</latexit>

!

<latexit sha1_base64="OFroRH0C4gj4+8LHsZvTBswwm+M=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI9BLx4jmgckS5idzCZD5rHMzAphySd48aCIV7/Im3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+nfntJ6oNU/LRThIaCjyULGYEWyc9iH67X674VX8OtEqCnFQgR6Nf/uoNFEkFlZZwbEw38BMbZlhbRjidlnqpoQkmYzykXUclFtSE2fzUKTpzygDFSruSFs3V3xMZFsZMROQ6BbYjs+zNxP+8bmrj6zBjMkktlWSxKE45sgrN/kYDpimxfOIIJpq5WxEZYY2JdemUXAjB8surpHVRDWrV2v1lpX6Tx1GEEziFcwjgCupwBw1oAoEhPMMrvHnce/HevY9Fa8HLZ47hD7zPHzgYjcY=</latexit>mW

<latexit sha1_base64="Qu+MbJf5b4ZI7MsgZagQ68yC4M8=">AAAB+nicbVBNS8NAEJ34WetXqkcvi0XwICUpUj0WPeixgv2AJpTNdtMu3U3C7kYpsT/FiwdFvPpLvPlv3LY5aOuDgcd7M8zMCxLOlHacb2tldW19Y7OwVdze2d3bt0sHLRWnktAmiXksOwFWlLOINjXTnHYSSbEIOG0Ho+up336gUrE4utfjhPoCDyIWMoK1kXp2yVNMoCryzpAnBbqhrZ5ddirODGiZuDkpQ45Gz/7y+jFJBY004Viprusk2s+w1IxwOil6qaIJJiM8oF1DIyyo8rPZ6RN0YpQ+CmNpKtJopv6eyLBQaiwC0ymwHqpFbyr+53VTHV76GYuSVNOIzBeFKUc6RtMcUJ9JSjQfG4KJZOZWRIZYYqJNWkUTgrv48jJpVSturVK7Oy/Xr/I4CnAEx3AKLlxAHW6hAU0g8AjP8Apv1pP1Yr1bH/PWFSufOYQ/sD5/AOOjknw=</latexit>

→ 2GeV

<latexit sha1_base64="M+lOquTQy7GbqPuLK+o9H2BZLwI=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4KolI9VgUwWMF+wFtKJvtpF262YTdjVhCf4QXD4p49fd489+4bXPQ1gcDj/dmmJkXJIJr47rfzsrq2vrGZmGruL2zu7dfOjhs6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVZq3fYyfEomvVLZrbgzkGXi5aQMOeq90le3H7M0QmmYoFp3PDcxfkaV4UzgpNhNNSaUjegAO5ZKGqH2s9m5E3JqlT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6e+kzxUyI8aWUKa4vZWwIVWUGZtQ0YbgLb68TJrnFa9aqd5flGvXeRwFOIYTOAMPLqEGd1CHBjAYwTO8wpuTOC/Ou/Mxb11x8pkj+APn8weCxI+0</latexit>

Eexp

UV theory ?

SMEFT
<latexit sha1_base64="rtiHRauPyuhyH57k+r6K8+/Ewps=">AAACDXicbVC7TsMwFHXKq5RXgJHFoiC1S5UUVBgrWBgYiiAtqI0ix3Vaq44T2Q5SFfUHWPgVFgYQYmVn429w2yBBy5EsnXvOvbq+x48ZlcqyvozcwuLS8kp+tbC2vrG5ZW7vNGWUCEwcHLFI3PpIEkY5cRRVjNzGgqDQZ6TlD87HfuueCEkjfqOGMXFD1OM0oBgpLXnmwbVTOip7GHYUDYmEuqyWvcuf0inZZe/OM4tWxZoAzhM7I0WQoeGZn51uhJOQcIUZkrJtW7FyUyQUxYyMCp1EkhjhAeqRtqYc6V1uOrlmBA+10oVBJPTjCk7U3xMpCqUchr7uDJHqy1lvLP7ntRMVnLop5XGiCMfTRUHCoIrgOBrYpYJgxYaaICyo/ivEfSQQVjrAgg7Bnj15njSrFbtWqV0dF+tnWRx5sAf2QQnY4ATUwQVoAAdg8ACewAt4NR6NZ+PNeJ+25oxsZhf8gfHxDd4zmO0=</latexit>

SU(3)c → SU(2)L → U(1)Y

LEFT
<latexit sha1_base64="HdRzIjaN9LMsYqi7j0YCSaJnXHM=">AAACAXicbVBNS8NAEN3Ur1q/ol4EL4tFaC8lUakei148VjSt0Iaw2W7apbubsLsRSqgX/4oXD4p49V9489+4bXPQ1gcDj/dmmJkXJowq7TjfVmFpeWV1rbhe2tjc2t6xd/daKk4lJh6OWSzvQ6QIo4J4mmpG7hNJEA8ZaYfDq4nffiBS0Vjc6VFCfI76gkYUI22kwD649Sqn1QDDrqacKOhV3GqQET4O7LJTc6aAi8TNSRnkaAb2V7cX45QToTFDSnVcJ9F+hqSmmJFxqZsqkiA8RH3SMVQgs87Pph+M4bFRejCKpSmh4VT9PZEhrtSIh6aTIz1Q895E/M/rpDq68DMqklQTgWeLopRBHcNJHLBHJcGajQxBWFJzK8QDJBHWJrSSCcGdf3mRtE5qbr1WvzkrNy7zOIrgEByBCnDBOWiAa9AEHsDgETyDV/BmPVkv1rv1MWstWPnMPvgD6/MH8wqVUg==</latexit>

SU(3)c → U(1)em

<latexit sha1_base64="8Vxei+9svJJd4f0Zd7PVXFgRcVU=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V+gVJKJvtpl26uwm7G6GE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSjnTxnW/ndLG5tb2Tnm3srd/cHhUPT7p6iRThHZIwhPVj7CmnEnaMcxw2k8VxSLitBdN7ud+74kqzRLZNtOUhgKPJIsZwcZKfkDGDAVKoFZ7UK25dXcBtE68gtSgQGtQ/QqGCckElYZwrLXvuakJc6wMI5zOKkGmaYrJBI+ob6nEguowX5w8QxdWGaI4UbakQQv190SOhdZTEdlOgc1Yr3pz8T/Pz0x8G+ZMppmhkiwXxRlHJkHz/9GQKUoMn1qCiWL2VkTGWGFibEoVG4K3+vI66V7VvUa98Xhda94VcZThDM7hEjy4gSY8QAs6QCCBZ3iFN8c4L86787FsLTnFzCn8gfP5A04vkKI=</latexit>

ωPT

wilson

Matching 
EFT + LQCD

[Hoferichter et al.,hep-ph/092301]
[P. M. Junnarkar et al.,hep-ph/114510]

Automated running and matching  
SMEFT-LEFT

One operator at a time 

<latexit sha1_base64="BplGaFaRjwAkryROLyTn5NLou54="></latexit>

LSMEFT = LSM +
∑

i,n

C
(n)
i

!n
O

(n)
i

We fixed NP scale at 10 TeV
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A tower of EFTs

<latexit sha1_base64="Jrgq2XXc8/65yG8oEFzO2TZIR4o=">AAAB73icbVC7SgNBFL3rM8ZX1NJmMAhWYVckWgZtLCwimAckS7g7O5sMmZ1dZ2aFEPITNhaK2Po7dv6Nk2QLTTwwcDjnXObeE6SCa+O6387K6tr6xmZhq7i9s7u3Xzo4bOokU5Q1aCIS1Q5QM8ElaxhuBGunimEcCNYKhjdTv/XElOaJfDCjlPkx9iWPOEVjpXb3zkZDJL1S2a24M5Bl4uWkDDnqvdJXN0xoFjNpqECtO56bGn+MynAq2KTYzTRLkQ6xzzqWSoyZ9sezfSfk1CohiRJlnzRkpv6eGGOs9SgObDJGM9CL3lT8z+tkJrryx1ymmWGSzj+KMkFMQqbHk5ArRo0YWYJUcbsroQNUSI2tqGhL8BZPXibN84pXrVTvL8q167yOAhzDCZyBB5dQg1uoQwMoCHiGV3hzHp0X5935mEdXnHzmCP7A+fwBZ0SPkg==</latexit>

!

<latexit sha1_base64="OFroRH0C4gj4+8LHsZvTBswwm+M=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI9BLx4jmgckS5idzCZD5rHMzAphySd48aCIV7/Im3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+nfntJ6oNU/LRThIaCjyULGYEWyc9iH67X674VX8OtEqCnFQgR6Nf/uoNFEkFlZZwbEw38BMbZlhbRjidlnqpoQkmYzykXUclFtSE2fzUKTpzygDFSruSFs3V3xMZFsZMROQ6BbYjs+zNxP+8bmrj6zBjMkktlWSxKE45sgrN/kYDpimxfOIIJpq5WxEZYY2JdemUXAjB8surpHVRDWrV2v1lpX6Tx1GEEziFcwjgCupwBw1oAoEhPMMrvHnce/HevY9Fa8HLZ47hD7zPHzgYjcY=</latexit>mW

<latexit sha1_base64="Qu+MbJf5b4ZI7MsgZagQ68yC4M8=">AAAB+nicbVBNS8NAEJ34WetXqkcvi0XwICUpUj0WPeixgv2AJpTNdtMu3U3C7kYpsT/FiwdFvPpLvPlv3LY5aOuDgcd7M8zMCxLOlHacb2tldW19Y7OwVdze2d3bt0sHLRWnktAmiXksOwFWlLOINjXTnHYSSbEIOG0Ho+up336gUrE4utfjhPoCDyIWMoK1kXp2yVNMoCryzpAnBbqhrZ5ddirODGiZuDkpQ45Gz/7y+jFJBY004Viprusk2s+w1IxwOil6qaIJJiM8oF1DIyyo8rPZ6RN0YpQ+CmNpKtJopv6eyLBQaiwC0ymwHqpFbyr+53VTHV76GYuSVNOIzBeFKUc6RtMcUJ9JSjQfG4KJZOZWRIZYYqJNWkUTgrv48jJpVSturVK7Oy/Xr/I4CnAEx3AKLlxAHW6hAU0g8AjP8Apv1pP1Yr1bH/PWFSufOYQ/sD5/AOOjknw=</latexit>

→ 2GeV

<latexit sha1_base64="M+lOquTQy7GbqPuLK+o9H2BZLwI=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4KolI9VgUwWMF+wFtKJvtpF262YTdjVhCf4QXD4p49fd489+4bXPQ1gcDj/dmmJkXJIJr47rfzsrq2vrGZmGruL2zu7dfOjhs6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVZq3fYyfEomvVLZrbgzkGXi5aQMOeq90le3H7M0QmmYoFp3PDcxfkaV4UzgpNhNNSaUjegAO5ZKGqH2s9m5E3JqlT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6e+kzxUyI8aWUKa4vZWwIVWUGZtQ0YbgLb68TJrnFa9aqd5flGvXeRwFOIYTOAMPLqEGd1CHBjAYwTO8wpuTOC/Ou/Mxb11x8pkj+APn8weCxI+0</latexit>

Eexp

UV theory ?

SMEFT
<latexit sha1_base64="rtiHRauPyuhyH57k+r6K8+/Ewps=">AAACDXicbVC7TsMwFHXKq5RXgJHFoiC1S5UUVBgrWBgYiiAtqI0ix3Vaq44T2Q5SFfUHWPgVFgYQYmVn429w2yBBy5EsnXvOvbq+x48ZlcqyvozcwuLS8kp+tbC2vrG5ZW7vNGWUCEwcHLFI3PpIEkY5cRRVjNzGgqDQZ6TlD87HfuueCEkjfqOGMXFD1OM0oBgpLXnmwbVTOip7GHYUDYmEuqyWvcuf0inZZe/OM4tWxZoAzhM7I0WQoeGZn51uhJOQcIUZkrJtW7FyUyQUxYyMCp1EkhjhAeqRtqYc6V1uOrlmBA+10oVBJPTjCk7U3xMpCqUchr7uDJHqy1lvLP7ntRMVnLop5XGiCMfTRUHCoIrgOBrYpYJgxYaaICyo/ivEfSQQVjrAgg7Bnj15njSrFbtWqV0dF+tnWRx5sAf2QQnY4ATUwQVoAAdg8ACewAt4NR6NZ+PNeJ+25oxsZhf8gfHxDd4zmO0=</latexit>

SU(3)c → SU(2)L → U(1)Y

LEFT
<latexit sha1_base64="HdRzIjaN9LMsYqi7j0YCSaJnXHM=">AAACAXicbVBNS8NAEN3Ur1q/ol4EL4tFaC8lUakei148VjSt0Iaw2W7apbubsLsRSqgX/4oXD4p49V9489+4bXPQ1gcDj/dmmJkXJowq7TjfVmFpeWV1rbhe2tjc2t6xd/daKk4lJh6OWSzvQ6QIo4J4mmpG7hNJEA8ZaYfDq4nffiBS0Vjc6VFCfI76gkYUI22kwD649Sqn1QDDrqacKOhV3GqQET4O7LJTc6aAi8TNSRnkaAb2V7cX45QToTFDSnVcJ9F+hqSmmJFxqZsqkiA8RH3SMVQgs87Pph+M4bFRejCKpSmh4VT9PZEhrtSIh6aTIz1Q895E/M/rpDq68DMqklQTgWeLopRBHcNJHLBHJcGajQxBWFJzK8QDJBHWJrSSCcGdf3mRtE5qbr1WvzkrNy7zOIrgEByBCnDBOWiAa9AEHsDgETyDV/BmPVkv1rv1MWstWPnMPvgD6/MH8wqVUg==</latexit>

SU(3)c → U(1)em

<latexit sha1_base64="8Vxei+9svJJd4f0Zd7PVXFgRcVU=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V+gVJKJvtpl26uwm7G6GE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSjnTxnW/ndLG5tb2Tnm3srd/cHhUPT7p6iRThHZIwhPVj7CmnEnaMcxw2k8VxSLitBdN7ud+74kqzRLZNtOUhgKPJIsZwcZKfkDGDAVKoFZ7UK25dXcBtE68gtSgQGtQ/QqGCckElYZwrLXvuakJc6wMI5zOKkGmaYrJBI+ob6nEguowX5w8QxdWGaI4UbakQQv190SOhdZTEdlOgc1Yr3pz8T/Pz0x8G+ZMppmhkiwXxRlHJkHz/9GQKUoMn1qCiWL2VkTGWGFibEoVG4K3+vI66V7VvUa98Xhda94VcZThDM7hEjy4gSY8QAs6QCCBZ3iFN8c4L86787FsLTnFzCn8gfP5A04vkKI=</latexit>

ωPT

wilson

Matching 
EFT + LQCD

[Hoferichter et al.,hep-ph/092301]
[P. M. Junnarkar et al.,hep-ph/114510]

Automated running and matching  
SMEFT-LEFT

<latexit sha1_base64="lvwkrs+Fx+LBNUWaAWgd/nMxLUw="></latexit>

LCP→odd = → i

2
de ēωµωε5e F

µω +
GF↑
2
CS ēiε5eN̄N + ...

One operator at a time 

<latexit sha1_base64="BplGaFaRjwAkryROLyTn5NLou54="></latexit>

LSMEFT = LSM +
∑

i,n

C
(n)
i

!n
O

(n)
i

We fixed NP scale at 10 TeV
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A tower of EFTs

<latexit sha1_base64="Jrgq2XXc8/65yG8oEFzO2TZIR4o=">AAAB73icbVC7SgNBFL3rM8ZX1NJmMAhWYVckWgZtLCwimAckS7g7O5sMmZ1dZ2aFEPITNhaK2Po7dv6Nk2QLTTwwcDjnXObeE6SCa+O6387K6tr6xmZhq7i9s7u3Xzo4bOokU5Q1aCIS1Q5QM8ElaxhuBGunimEcCNYKhjdTv/XElOaJfDCjlPkx9iWPOEVjpXb3zkZDJL1S2a24M5Bl4uWkDDnqvdJXN0xoFjNpqECtO56bGn+MynAq2KTYzTRLkQ6xzzqWSoyZ9sezfSfk1CohiRJlnzRkpv6eGGOs9SgObDJGM9CL3lT8z+tkJrryx1ymmWGSzj+KMkFMQqbHk5ArRo0YWYJUcbsroQNUSI2tqGhL8BZPXibN84pXrVTvL8q167yOAhzDCZyBB5dQg1uoQwMoCHiGV3hzHp0X5935mEdXnHzmCP7A+fwBZ0SPkg==</latexit>

!

<latexit sha1_base64="OFroRH0C4gj4+8LHsZvTBswwm+M=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI9BLx4jmgckS5idzCZD5rHMzAphySd48aCIV7/Im3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+nfntJ6oNU/LRThIaCjyULGYEWyc9iH67X674VX8OtEqCnFQgR6Nf/uoNFEkFlZZwbEw38BMbZlhbRjidlnqpoQkmYzykXUclFtSE2fzUKTpzygDFSruSFs3V3xMZFsZMROQ6BbYjs+zNxP+8bmrj6zBjMkktlWSxKE45sgrN/kYDpimxfOIIJpq5WxEZYY2JdemUXAjB8surpHVRDWrV2v1lpX6Tx1GEEziFcwjgCupwBw1oAoEhPMMrvHnce/HevY9Fa8HLZ47hD7zPHzgYjcY=</latexit>mW

<latexit sha1_base64="Qu+MbJf5b4ZI7MsgZagQ68yC4M8=">AAAB+nicbVBNS8NAEJ34WetXqkcvi0XwICUpUj0WPeixgv2AJpTNdtMu3U3C7kYpsT/FiwdFvPpLvPlv3LY5aOuDgcd7M8zMCxLOlHacb2tldW19Y7OwVdze2d3bt0sHLRWnktAmiXksOwFWlLOINjXTnHYSSbEIOG0Ho+up336gUrE4utfjhPoCDyIWMoK1kXp2yVNMoCryzpAnBbqhrZ5ddirODGiZuDkpQ45Gz/7y+jFJBY004Viprusk2s+w1IxwOil6qaIJJiM8oF1DIyyo8rPZ6RN0YpQ+CmNpKtJopv6eyLBQaiwC0ymwHqpFbyr+53VTHV76GYuSVNOIzBeFKUc6RtMcUJ9JSjQfG4KJZOZWRIZYYqJNWkUTgrv48jJpVSturVK7Oy/Xr/I4CnAEx3AKLlxAHW6hAU0g8AjP8Apv1pP1Yr1bH/PWFSufOYQ/sD5/AOOjknw=</latexit>

→ 2GeV

<latexit sha1_base64="M+lOquTQy7GbqPuLK+o9H2BZLwI=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4KolI9VgUwWMF+wFtKJvtpF262YTdjVhCf4QXD4p49fd489+4bXPQ1gcDj/dmmJkXJIJr47rfzsrq2vrGZmGruL2zu7dfOjhs6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVZq3fYyfEomvVLZrbgzkGXi5aQMOeq90le3H7M0QmmYoFp3PDcxfkaV4UzgpNhNNSaUjegAO5ZKGqH2s9m5E3JqlT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6e+kzxUyI8aWUKa4vZWwIVWUGZtQ0YbgLb68TJrnFa9aqd5flGvXeRwFOIYTOAMPLqEGd1CHBjAYwTO8wpuTOC/Ou/Mxb11x8pkj+APn8weCxI+0</latexit>

Eexp

UV theory ?

SMEFT
<latexit sha1_base64="rtiHRauPyuhyH57k+r6K8+/Ewps=">AAACDXicbVC7TsMwFHXKq5RXgJHFoiC1S5UUVBgrWBgYiiAtqI0ix3Vaq44T2Q5SFfUHWPgVFgYQYmVn429w2yBBy5EsnXvOvbq+x48ZlcqyvozcwuLS8kp+tbC2vrG5ZW7vNGWUCEwcHLFI3PpIEkY5cRRVjNzGgqDQZ6TlD87HfuueCEkjfqOGMXFD1OM0oBgpLXnmwbVTOip7GHYUDYmEuqyWvcuf0inZZe/OM4tWxZoAzhM7I0WQoeGZn51uhJOQcIUZkrJtW7FyUyQUxYyMCp1EkhjhAeqRtqYc6V1uOrlmBA+10oVBJPTjCk7U3xMpCqUchr7uDJHqy1lvLP7ntRMVnLop5XGiCMfTRUHCoIrgOBrYpYJgxYaaICyo/ivEfSQQVjrAgg7Bnj15njSrFbtWqV0dF+tnWRx5sAf2QQnY4ATUwQVoAAdg8ACewAt4NR6NZ+PNeJ+25oxsZhf8gfHxDd4zmO0=</latexit>

SU(3)c → SU(2)L → U(1)Y

LEFT
<latexit sha1_base64="HdRzIjaN9LMsYqi7j0YCSaJnXHM=">AAACAXicbVBNS8NAEN3Ur1q/ol4EL4tFaC8lUakei148VjSt0Iaw2W7apbubsLsRSqgX/4oXD4p49V9489+4bXPQ1gcDj/dmmJkXJowq7TjfVmFpeWV1rbhe2tjc2t6xd/daKk4lJh6OWSzvQ6QIo4J4mmpG7hNJEA8ZaYfDq4nffiBS0Vjc6VFCfI76gkYUI22kwD649Sqn1QDDrqacKOhV3GqQET4O7LJTc6aAi8TNSRnkaAb2V7cX45QToTFDSnVcJ9F+hqSmmJFxqZsqkiA8RH3SMVQgs87Pph+M4bFRejCKpSmh4VT9PZEhrtSIh6aTIz1Q895E/M/rpDq68DMqklQTgWeLopRBHcNJHLBHJcGajQxBWFJzK8QDJBHWJrSSCcGdf3mRtE5qbr1WvzkrNy7zOIrgEByBCnDBOWiAa9AEHsDgETyDV/BmPVkv1rv1MWstWPnMPvgD6/MH8wqVUg==</latexit>

SU(3)c → U(1)em

<latexit sha1_base64="8Vxei+9svJJd4f0Zd7PVXFgRcVU=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V+gVJKJvtpl26uwm7G6GE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSjnTxnW/ndLG5tb2Tnm3srd/cHhUPT7p6iRThHZIwhPVj7CmnEnaMcxw2k8VxSLitBdN7ud+74kqzRLZNtOUhgKPJIsZwcZKfkDGDAVKoFZ7UK25dXcBtE68gtSgQGtQ/QqGCckElYZwrLXvuakJc6wMI5zOKkGmaYrJBI+ob6nEguowX5w8QxdWGaI4UbakQQv190SOhdZTEdlOgc1Yr3pz8T/Pz0x8G+ZMppmhkiwXxRlHJkHz/9GQKUoMn1qCiWL2VkTGWGFibEoVG4K3+vI66V7VvUa98Xhda94VcZThDM7hEjy4gSY8QAs6QCCBZ3iFN8c4L86787FsLTnFzCn8gfP5A04vkKI=</latexit>

ωPT

wilson

Matching 
EFT + LQCD

[Hoferichter et al.,hep-ph/092301]
[P. M. Junnarkar et al.,hep-ph/114510]

Automated running and matching  
SMEFT-LEFT

<latexit sha1_base64="lvwkrs+Fx+LBNUWaAWgd/nMxLUw="></latexit>

LCP→odd = → i

2
de ēωµωε5e F

µω +
GF↑
2
CS ēiε5eN̄N + ...

<latexit sha1_base64="tM7jLTZDJD6SIXKGBhelWZrpXS4="></latexit>

dequiv
HfF

+ = de + CS → 0.9→ 10→20 e · cm

One operator at a time 

<latexit sha1_base64="BplGaFaRjwAkryROLyTn5NLou54="></latexit>

LSMEFT = LSM +
∑

i,n

C
(n)
i

!n
O

(n)
i

We fixed NP scale at 10 TeV
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Results I:
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Results I:
<latexit sha1_base64="kYAiKXKdDXpN2lgGjd+NUSL9Q4k="></latexit>

Large set of operatorswhere dequiv. → de
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Results I:
<latexit sha1_base64="kYAiKXKdDXpN2lgGjd+NUSL9Q4k="></latexit>

Large set of operatorswhere dequiv. → de

<latexit sha1_base64="vTD3BVAODiezUexkXWwMlJvu2ZQ="></latexit>

dequiv.HfF+ < 4.1→ 10→30 e · cm
dequiv.ThO < 1.1→ 10→29 e · cm
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Results I:
<latexit sha1_base64="kYAiKXKdDXpN2lgGjd+NUSL9Q4k="></latexit>

Large set of operatorswhere dequiv. → de

<latexit sha1_base64="vTD3BVAODiezUexkXWwMlJvu2ZQ="></latexit>

dequiv.HfF+ < 4.1→ 10→30 e · cm
dequiv.ThO < 1.1→ 10→29 e · cm

Largest effects from:

•  Dipole operators
<latexit sha1_base64="gWd5lQW6nfxe8fJT/1BArB/JMZk=">AAAB+XicbVBNSwMxEJ2tX7V+rXr0EiyCp7JbpHosevFYwX5Ady3ZNG1Ds9mQZAtl6T/x4kERr/4Tb/4b03YP2vpg4PHeDDPzIsmZNp737RQ2Nre2d4q7pb39g8Mj9/ikpZNUEdokCU9UJ8KaciZo0zDDaUcqiuOI03Y0vpv77QlVmiXi0UwlDWM8FGzACDZW6rluIDV7qqIOCiZYyRHruWWv4i2A1omfkzLkaPTcr6CfkDSmwhCOte76njRhhpVhhNNZKUg1lZiM8ZB2LRU4pjrMFpfP0IVV+miQKFvCoIX6eyLDsdbTOLKdMTYjverNxf+8bmoGN2HGhEwNFWS5aJByZBI0jwH1maLE8KklmChmb0VkhBUmxoZVsiH4qy+vk1a14tcqtYercv02j6MIZ3AOl+DDNdThHhrQBAITeIZXeHMy58V5dz6WrQUnnzmFP3A+fwCoB5MM</latexit>

ω2Xε
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Results I:
<latexit sha1_base64="kYAiKXKdDXpN2lgGjd+NUSL9Q4k="></latexit>

Large set of operatorswhere dequiv. → de

<latexit sha1_base64="vTD3BVAODiezUexkXWwMlJvu2ZQ="></latexit>

dequiv.HfF+ < 4.1→ 10→30 e · cm
dequiv.ThO < 1.1→ 10→29 e · cm

Largest effects from:

•  Dipole operators
<latexit sha1_base64="gWd5lQW6nfxe8fJT/1BArB/JMZk=">AAAB+XicbVBNSwMxEJ2tX7V+rXr0EiyCp7JbpHosevFYwX5Ady3ZNG1Ds9mQZAtl6T/x4kERr/4Tb/4b03YP2vpg4PHeDDPzIsmZNp737RQ2Nre2d4q7pb39g8Mj9/ikpZNUEdokCU9UJ8KaciZo0zDDaUcqiuOI03Y0vpv77QlVmiXi0UwlDWM8FGzACDZW6rluIDV7qqIOCiZYyRHruWWv4i2A1omfkzLkaPTcr6CfkDSmwhCOte76njRhhpVhhNNZKUg1lZiM8ZB2LRU4pjrMFpfP0IVV+miQKFvCoIX6eyLDsdbTOLKdMTYjverNxf+8bmoGN2HGhEwNFWS5aJByZBI0jwH1maLE8KklmChmb0VkhBUmxoZVsiH4qy+vk1a14tcqtYercv02j6MIZ3AOl+DDNdThHhrQBAITeIZXeHMy58V5dz6WrQUnnzmFP3A+fwCoB5MM</latexit>

ω2Xε

• Mixing featuring heavy quarks
<latexit sha1_base64="jGRL/lP0SDhOAtM6f4AQVbVF9Vo=">AAAB/XicbZDLSsNAFIZPvNZ6i5edm8Ei1E1JRKrLohsXLqrYC7ShTKaTduhkEmYmQg3FV3HjQhG3voc738ZpG1Bbfxj4+M85nDO/H3OmtON8WQuLS8srq7m1/PrG5ta2vbNbV1EiCa2RiEey6WNFORO0ppnmtBlLikOf04Y/uBzXG/dUKhaJOz2MqRfinmABI1gbq2PvF9s+lun16Pb4hzp2wSk5E6F5cDMoQKZqx/5sdyOShFRowrFSLdeJtZdiqRnhdJRvJ4rGmAxwj7YMChxS5aWT60foyDhdFETSPKHRxP09keJQqWHom84Q676arY3N/2qtRAfnXspEnGgqyHRRkHCkIzSOAnWZpETzoQFMJDO3ItLHEhNtAsubENzZL89D/aTklkvlm9NC5SKLIwcHcAhFcOEMKnAFVagBgQd4ghd4tR6tZ+vNep+2LljZzB78kfXxDTDjlG4=</latexit>

(L̄R)(L̄R)
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Results I:
<latexit sha1_base64="kYAiKXKdDXpN2lgGjd+NUSL9Q4k="></latexit>

Large set of operatorswhere dequiv. → de

<latexit sha1_base64="vTD3BVAODiezUexkXWwMlJvu2ZQ="></latexit>

dequiv.HfF+ < 4.1→ 10→30 e · cm
dequiv.ThO < 1.1→ 10→29 e · cm

• Mod. of SM coupling (Barr Zee)
<latexit sha1_base64="loXrNeKJQdVeVwWj5r9DDLGLdhw=">AAAB/HicbZC7TsMwFIYdrqXcAh1ZLCokpiopqDBWsDAWiV6kJlSO67RWHceynUpRFF6FhQGEWHkQNt4Gt80ALb9k6dN/ztE5/gPBqNKO822trW9sbm2Xdsq7e/sHh/bRcUfFicSkjWMWy16AFGGUk7ammpGekARFASPdYHI7q3enRCoa8wedCuJHaMRpSDHSxhrYFU8o+pjVc2+KpBgbvMgHdtWpOXPBVXALqIJCrYH95Q1jnESEa8yQUn3XEdrPkNQUM5KXvUQRgfAEjUjfIEcRUX42Pz6HZ8YZwjCW5nEN5+7viQxFSqVRYDojpMdquTYz/6v1Ex1e+xnlItGE48WiMGFQx3CWBBxSSbBmqQGEJTW3QjxGEmFt8iqbENzlL69Cp15zG7XG/WW1eVPEUQIn4BScAxdcgSa4Ay3QBhik4Bm8gjfryXqx3q2PReuaVcxUwB9Znz8X/5UT</latexit>

ω2ε3

Largest effects from:

•  Dipole operators
<latexit sha1_base64="gWd5lQW6nfxe8fJT/1BArB/JMZk=">AAAB+XicbVBNSwMxEJ2tX7V+rXr0EiyCp7JbpHosevFYwX5Ady3ZNG1Ds9mQZAtl6T/x4kERr/4Tb/4b03YP2vpg4PHeDDPzIsmZNp737RQ2Nre2d4q7pb39g8Mj9/ikpZNUEdokCU9UJ8KaciZo0zDDaUcqiuOI03Y0vpv77QlVmiXi0UwlDWM8FGzACDZW6rluIDV7qqIOCiZYyRHruWWv4i2A1omfkzLkaPTcr6CfkDSmwhCOte76njRhhpVhhNNZKUg1lZiM8ZB2LRU4pjrMFpfP0IVV+miQKFvCoIX6eyLDsdbTOLKdMTYjverNxf+8bmoGN2HGhEwNFWS5aJByZBI0jwH1maLE8KklmChmb0VkhBUmxoZVsiH4qy+vk1a14tcqtYercv02j6MIZ3AOl+DDNdThHhrQBAITeIZXeHMy58V5dz6WrQUnnzmFP3A+fwCoB5MM</latexit>

ω2Xε

• Mixing featuring heavy quarks
<latexit sha1_base64="jGRL/lP0SDhOAtM6f4AQVbVF9Vo=">AAAB/XicbZDLSsNAFIZPvNZ6i5edm8Ei1E1JRKrLohsXLqrYC7ShTKaTduhkEmYmQg3FV3HjQhG3voc738ZpG1Bbfxj4+M85nDO/H3OmtON8WQuLS8srq7m1/PrG5ta2vbNbV1EiCa2RiEey6WNFORO0ppnmtBlLikOf04Y/uBzXG/dUKhaJOz2MqRfinmABI1gbq2PvF9s+lun16Pb4hzp2wSk5E6F5cDMoQKZqx/5sdyOShFRowrFSLdeJtZdiqRnhdJRvJ4rGmAxwj7YMChxS5aWT60foyDhdFETSPKHRxP09keJQqWHom84Q676arY3N/2qtRAfnXspEnGgqyHRRkHCkIzSOAnWZpETzoQFMJDO3ItLHEhNtAsubENzZL89D/aTklkvlm9NC5SKLIwcHcAhFcOEMKnAFVagBgQd4ghd4tR6tZ+vNep+2LljZzB78kfXxDTDjlG4=</latexit>

(L̄R)(L̄R)
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Results I:
<latexit sha1_base64="kYAiKXKdDXpN2lgGjd+NUSL9Q4k="></latexit>

Large set of operatorswhere dequiv. → de

Consistency with previous works
[Kley et al., 2109.15085]

[Panico et al., 1810.09413]


<latexit sha1_base64="vTD3BVAODiezUexkXWwMlJvu2ZQ="></latexit>

dequiv.HfF+ < 4.1→ 10→30 e · cm
dequiv.ThO < 1.1→ 10→29 e · cm

• Mod. of SM coupling (Barr Zee)
<latexit sha1_base64="loXrNeKJQdVeVwWj5r9DDLGLdhw=">AAAB/HicbZC7TsMwFIYdrqXcAh1ZLCokpiopqDBWsDAWiV6kJlSO67RWHceynUpRFF6FhQGEWHkQNt4Gt80ALb9k6dN/ztE5/gPBqNKO822trW9sbm2Xdsq7e/sHh/bRcUfFicSkjWMWy16AFGGUk7ammpGekARFASPdYHI7q3enRCoa8wedCuJHaMRpSDHSxhrYFU8o+pjVc2+KpBgbvMgHdtWpOXPBVXALqIJCrYH95Q1jnESEa8yQUn3XEdrPkNQUM5KXvUQRgfAEjUjfIEcRUX42Pz6HZ8YZwjCW5nEN5+7viQxFSqVRYDojpMdquTYz/6v1Ex1e+xnlItGE48WiMGFQx3CWBBxSSbBmqQGEJTW3QjxGEmFt8iqbENzlL69Cp15zG7XG/WW1eVPEUQIn4BScAxdcgSa4Ay3QBhik4Bm8gjfryXqx3q2PReuaVcxUwB9Znz8X/5UT</latexit>

ω2ε3

Largest effects from:

•  Dipole operators
<latexit sha1_base64="gWd5lQW6nfxe8fJT/1BArB/JMZk=">AAAB+XicbVBNSwMxEJ2tX7V+rXr0EiyCp7JbpHosevFYwX5Ady3ZNG1Ds9mQZAtl6T/x4kERr/4Tb/4b03YP2vpg4PHeDDPzIsmZNp737RQ2Nre2d4q7pb39g8Mj9/ikpZNUEdokCU9UJ8KaciZo0zDDaUcqiuOI03Y0vpv77QlVmiXi0UwlDWM8FGzACDZW6rluIDV7qqIOCiZYyRHruWWv4i2A1omfkzLkaPTcr6CfkDSmwhCOte76njRhhpVhhNNZKUg1lZiM8ZB2LRU4pjrMFpfP0IVV+miQKFvCoIX6eyLDsdbTOLKdMTYjverNxf+8bmoGN2HGhEwNFWS5aJByZBI0jwH1maLE8KklmChmb0VkhBUmxoZVsiH4qy+vk1a14tcqtYercv02j6MIZ3AOl+DDNdThHhrQBAITeIZXeHMy58V5dz6WrQUnnzmFP3A+fwCoB5MM</latexit>

ω2Xε

• Mixing featuring heavy quarks
<latexit sha1_base64="jGRL/lP0SDhOAtM6f4AQVbVF9Vo=">AAAB/XicbZDLSsNAFIZPvNZ6i5edm8Ei1E1JRKrLohsXLqrYC7ShTKaTduhkEmYmQg3FV3HjQhG3voc738ZpG1Bbfxj4+M85nDO/H3OmtON8WQuLS8srq7m1/PrG5ta2vbNbV1EiCa2RiEey6WNFORO0ppnmtBlLikOf04Y/uBzXG/dUKhaJOz2MqRfinmABI1gbq2PvF9s+lun16Pb4hzp2wSk5E6F5cDMoQKZqx/5sdyOShFRowrFSLdeJtZdiqRnhdJRvJ4rGmAxwj7YMChxS5aWT60foyDhdFETSPKHRxP09keJQqWHom84Q676arY3N/2qtRAfnXspEnGgqyHRRkHCkIzSOAnWZpETzoQFMJDO3ItLHEhNtAsubENzZL89D/aTklkvlm9NC5SKLIwcHcAhFcOEMKnAFVagBgQd4ghd4tR6tZ+vNep+2LljZzB78kfXxDTDjlG4=</latexit>

(L̄R)(L̄R)
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Results II:

10

equivalent EDM is more sensitive than eEDM to some semileptonic operators    

Running and matching:

•Heavy quarks contribution

1-loop mixing:

•Tensor-to-scalar with u  


• Light quarks contribution
Scalar:



Conclusion
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• Electron dipole moment searches are conducted on atoms or molecules 

•They are sensitive to a linear combination of eEDM and a semileptonic CP-odd int. 

•Previous works focused just on eEDM sensitivity to SMEFT operators 

• Extension of the analysis to explore the full direction probed by electron EDM exps. 

• Sensitivities of the eEDM experiments to a larger classes of operators than previously    
recognized 

Results



BACK UP



What if we have 2 or more Exps?

<latexit sha1_base64="JS4MWv8UDjTQ9M8ysYfqu/9Oj5s="></latexit>

dequiv.sys = de +#CS e · cm

Two experiments with different # 

Can disentangle eEDM and Cs.

<latexit sha1_base64="WofBLcCck/xk6oX2FFzHOTG+lFw=">AAAB9XicbVBNS8NAEN3Ur1q/qh69LBZBEEoiUj0WBemxgv2ANi2b7aZdutmE3YlaQv6HFw+KePW/ePPfuG1z0NYHA4/3ZpiZ50WCa7Dtbyu3srq2vpHfLGxt7+zuFfcPmjqMFWUNGopQtT2imeCSNYCDYO1IMRJ4grW88c3Ubz0wpXko72ESMTcgQ8l9TgkYqdcF9gRJzb9Ne8lZ2i+W7LI9A14mTkZKKEO9X/zqDkIaB0wCFUTrjmNH4CZEAaeCpYVurFlE6JgMWcdQSQKm3WR2dYpPjDLAfqhMScAz9fdEQgKtJ4FnOgMCI73oTcX/vE4M/pWbcBnFwCSdL/JjgSHE0wjwgCtGQUwMIVRxcyumI6IIBRNUwYTgLL68TJrnZadSrtxdlKrXWRx5dISO0Sly0CWqohqqowaiSKFn9IrerEfrxXq3PuatOSubOUR/YH3+AKThkp8=</latexit>

HfF
+

<latexit sha1_base64="zGZzxZ6+Ilu5mdNohSNkJ/vQ058=">AAAB8XicbVDLSgNBEJz1GeMr6tHLYBA8hV2R6DHoxZsR8sJkCbOTTjJkdnaZ6RXDkr/w4kERr/6NN//GSbIHTSxoKKq66e4KYikMuu63s7K6tr6xmdvKb+/s7u0XDg4bJko0hzqPZKRbATMghYI6CpTQijWwMJDQDEY3U7/5CNqISNVwHIMfsoESfcEZWumhg/CEaW14N+kWim7JnYEuEy8jRZKh2i18dXoRT0JQyCUzpu25Mfop0yi4hEm+kxiIGR+xAbQtVSwE46eziyf01Co92o+0LYV0pv6eSFlozDgMbGfIcGgWvan4n9dOsH/lp0LFCYLi80X9RFKM6PR92hMaOMqxJYxrYW+lfMg042hDytsQvMWXl0njvOSVS+X7i2LlOosjR47JCTkjHrkkFXJLqqROOFHkmbySN8c4L8678zFvXXGymSPyB87nD9nqkQ0=</latexit>

ThO

<latexit sha1_base64="Q84IGg1mR5iP0K4nFwWdcrIFO7A="></latexit>

ThO → 1.5↑ 10→20

HfF+ → 0.9↑ 10→20

Roussy et al.,hep-ph/2212.11841

Combined fit
<latexit sha1_base64="wRojx8v/GRpMu2eePfmjfq/U8KE=">AAACH3icbZDLSgNBEEV74ju+oi7dFAbBhYYZkajoQnTjUsGokImhp1Mxjd0zQ3eNEIb8iRt/xY0LRcSdf2PnsfBV0HC4t4rqulGqpCXf//QKY+MTk1PTM8XZufmFxdLS8qVNMiOwJhKVmOuIW1QyxhpJUnidGuQ6UngV3Z30/at7NFYm8QV1U2xofhvLthScnNQsVUPnErSaOfZgyIewXQkgJKnRQuDf5Fvb+84zGsJNQAgPQOhmqexX/EHBXwhGUGajOmuWPsJWIjKNMQnFra0HfkqNnBuSQmGvGGYWUy7u+C3WHcbcLW/kg/t6sO6UFrQT415MMFC/T+RcW9vVkevUnDr2t9cX//PqGbX3GrmM04wwFsNF7UwBJdAPC1rSoCDVdcCFke6vIDrccEEu0qILIfh98l+4dGlWK9XznfLR8SiOabbK1tgGC9guO2Kn7IzVmGAP7Im9sFfv0Xv23rz3YWvBG82ssB/lfX4B03aftQ==</latexit>

|de| < 2.1→ 10→29 e cm
<latexit sha1_base64="/BJk3RMch+CXXsBWP4QCyhUIdMo=">AAACDXicbZC7SgNBFIZnvcZ4W7W0GYyCjWFXJBqwCKaxjGgukKzL7GSSDJmdXWbOCmHJC9j4KjYWitja2/k2Ti6FJh4Y+Pj/czhz/iAWXIPjfFsLi0vLK6uZtez6xubWtr2zW9NRoiir0khEqhEQzQSXrAocBGvEipEwEKwe9Msjv/7AlOaRvINBzLyQdCXvcErASL592DIu4LJ/iyd0id18EbeAh0xj17lPT4pD3845eWdceB7cKeTQtCq+/dVqRzQJmQQqiNZN14nBS4kCTgUbZluJZjGhfdJlTYOSmGVeOr5miI+M0sadSJknAY/V3xMpCbUehIHpDAn09Kw3Ev/zmgl0LryUyzgBJulkUScRGCI8iga3uWIUxMAAoYqbv2LaI4pQMAFmTQju7MnzUDvNu4V84eYsV7qaxpFB++gAHSMXnaMSukYVVEUUPaJn9IrerCfrxXq3PiatC9Z0Zg/9KevzB8ZumXw=</latexit>

|CS | < 1.9→ 10→9

In EDM experiments I want to measure the energy shift when s is aligned with E

Compare to when is anti-aligned 

<latexit sha1_base64="nHv11qZ68cu5AqRtu8xcHdA8ZIQ=">AAACBnicbVDLSgNBEJyNrxhfUY8iDAZBEMNukOhFCAbBYyTmAcmyzE56kyGzD2ZmhbDk5MVf8eJBEa9+gzf/xkmyB00saCiquunuciPOpDLNbyOztLyyupZdz21sbm3v5Hf3mjKMBYUGDXko2i6RwFkADcUUh3YkgPguh5Y7rE781gMIycLgXo0isH3SD5jHKFFacvKHuQH2rs5wqecAvnES8LwxPsWlllOvOnUnXzCL5hR4kVgpKaAUNSf/1e2FNPYhUJQTKTuWGSk7IUIxymGc68YSIkKHpA8dTQPig7ST6RtjfKyVHvZCoStQeKr+nkiIL+XId3WnT9RAznsT8T+vEyvv0k5YEMUKAjpb5MUcqxBPMsE9JoAqPtKEUMH0rZgOiCBU6eRyOgRr/uVF0iwVrXKxfHdeqFyncWTRATpCJ8hCF6iCblENNRBFj+gZvaI348l4Md6Nj1lrxkhn9tEfGJ8/4RiWPA==</latexit>

hf = →2deEeff + 2WSCS

https://arxiv.org/abs/2212.11841


Matching at the nucleon scale

Light quarks contribution: Heavy quarks contribution:
e→

Q

p, n

e→

Non-perturbative matching at the confinement scale: connecting quark and gluons to Nucleons

Relevant LEFT operators:

One loop matching to 
with

Final expression matching Cs and semileptonic in LEFT:



A bit of dipoles
Crucial for this work are the dipole operators at dimension 6

<latexit sha1_base64="4iiF4tmKNMY3+KADjwjdf1N2SLY="></latexit>

ω →
(
0

v + h↑
2

)T

Spontaneous symmetry breaking and gauge boson eigenstates: 

Matching to our Effective lagrangian:
<latexit sha1_base64="WONYo0DnrJTTkpOihk0EvDRTTH4="></latexit>

LEDM = → i

2
d f̄ωµω ε5f Fµω

But
Solution of RGE (SMEFT or LEFT): Dipole operators at low energy can stem from the mixing 


 under the RGE 

 



Result I: some details
Leading log:

Electron Yukawa Supressed Heavy quarks Yukawa enhanced (especially top)

NLL:
Most relevant effect from operators mixing with  

<latexit sha1_base64="8aSKHIvcNZaJKxCufmWTFcIE1K4=">AAAB/HicbVDLSsNAFJ3UV62vaJduBotQNyWxUl0Wu3FZwT6gjWEynbSjk0mcmQgh1F9x40IRt36IO//GSZuFth64cDjnXu69x4sYlcqyvo3Cyura+kZxs7S1vbO7Z+4fdGUYC0w6OGSh6HtIEkY56SiqGOlHgqDAY6Tn3bcyv/dIhKQhv1FJRJwAjTn1KUZKS65ZbrkpIw9xtX4yvU3pXb0+LblmxapZM8BlYuekAnK0XfNrOApxHBCuMENSDmwrUk6KhKKYkWlpGEsSIXyPxmSgKUcBkU46O34Kj7Uygn4odHEFZ+rviRQFUiaBpzsDpCZy0cvE/7xBrPwLJ6U8ihXheL7IjxlUIcySgCMqCFYs0QRhQfWtEE+QQFjpvLIQ7MWXl0n3tGY3ao3rs0rzMo+jCA7BEagCG5yDJrgCbdABGCTgGbyCN+PJeDHejY95a8HIZ8rgD4zPH0JNk+I=</latexit>

Cij33
lequ(3)

Flavor conserving scalar interaction.



Result I: Barr-Zee
Effects induced by modification of SM coupling

<latexit sha1_base64="AAGBMcWMVTetUuTSlh9JwuB/2SY=">AAACAnicbVBNS8NAEJ3Ur1q/op7Ey2IRPJVEpHosevFmBfsBbQyb7aZd3WzC7kYoIXjxr3jxoIhXf4U3/41Jm4O2Phh4vDfDzDwv4kxpy/o2SguLS8sr5dXK2vrG5pa5vdNWYSwJbZGQh7LrYUU5E7Slmea0G0mKA4/Tjnd/kfudByoVC8WNHkfUCfBQMJ8RrDPJNff6AdYjgnlylboJ7Ucjlt4m7C6tuGbVqlkToHliF6QKBZqu+dUfhCQOqNCEY6V6thVpJ8FSM8JpWunHikaY3OMh7WVU4IAqJ5m8kKLDTBkgP5RZCY0m6u+JBAdKjQMv68wPVrNeLv7n9WLtnzkJE1GsqSDTRX7MkQ5RngcaMEmJ5uOMYCJZdisiIywx0VlqeQj27MvzpH1cs+u1+vVJtXFexFGGfTiAI7DhFBpwCU1oAYFHeIZXeDOejBfj3fiYtpaMYmYX/sD4/AHV05e5</latexit>

O
ij
eω can induce a modification between 


Higgs-fermions coupling
Yukawa couplings not proportional 


to the mass matrix 

<latexit sha1_base64="Z3ZJSKn/9mJNOPtSe9RoY6HAN28="></latexit>

de →
eω

4ε2

v

!2
Im[C11

eω
]f(mF /mH)

SM fermion in the inner loop

b

t

Contribution with the

 W Boson in the loop 


are also relevant



Result II: Some details
Dominant effects in the in QCD running of scalar operator.  

Cs dominates over de for almost all the semileptonic scalar interaction: 

Exception:
<latexit sha1_base64="w3eh2NOzbLQO7F5Ccr/tJBwKgec=">AAAB+nicbVDLTsMwEHTKq5RXCkcuFhUSpyoGVDhW9MKxSPQhtSFyXKe16jjBdkBVyKdw4QBCXPkSbvwNbpsDtIy00mhmV7s7fsyZ0o7zbRVWVtfWN4qbpa3tnd09u7zfVlEiCW2RiEey62NFORO0pZnmtBtLikOf044/bkz9zgOVikXiVk9i6oZ4KFjACNZG8uxyw0s5vU9QdpcidHaWlTy74lSdGeAyQTmpgBxNz/7qDyKShFRowrFSPeTE2k2x1IxwmpX6iaIxJmM8pD1DBQ6pctPZ6Rk8NsoABpE0JTScqb8nUhwqNQl90xliPVKL3lT8z+slOrh0UybiRFNB5ouChEMdwWkOcMAkJZpPDMFEMnMrJCMsMdEmrWkIaPHlZdI+raJatXZzXqlf5XEUwSE4AicAgQtQB9egCVqAgEfwDF7Bm/VkvVjv1se8tWDlMwfgD6zPH8PFkwo=</latexit>

C1133
lequ1

Matching to Cs suppressed by 1/mt

Mixing to the dipole at second order by enhanced by yt

One-loop mixing effect:

Mixing to 
<latexit sha1_base64="mNdvlfODD7NyVVIhq27k6CmxbEo=">AAAB+nicbVC7TsNAEDyHVwgvB0qaExESVWQDCpQRaSiDRB5SYqzzZZ2ccn5wdwZFxp9CQwFCtHwJHX/DOUkBCSOtNJrZ1e6OF3MmlWV9G4WV1bX1jeJmaWt7Z3fPLO+3ZZQICi0a8Uh0PSKBsxBaiikO3VgACTwOHW/cyP3OAwjJovBWTWJwAjIMmc8oUVpyzXLDTTncJ2fZXWprZCXXrFhVawq8TOw5qaA5mq751R9ENAkgVJQTKXu2FSsnJUIxyiEr9RMJMaFjMoSepiEJQDrp9PQMH2tlgP1I6AoVnqq/J1ISSDkJPN0ZEDWSi14u/uf1EuVfOikL40RBSGeL/IRjFeE8BzxgAqjiE00IFUzfiumICEKVTisPwV58eZm0T6t2rVq7Oa/Ur+ZxFNEhOkInyEYXqI6uURO1EEWP6Bm9ojfjyXgx3o2PWWvBmM8coD8wPn8AwMWTCA==</latexit>

C1111
lequ3

<latexit sha1_base64="+rDFMiC9ILzgepJ6qJWz8Il5qwY=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16CRbBU0lEqsdiLx4r2A9oY9hsJ+3SzSbubpQS81O8eFDEq7/Em//GTZuDVh8MPN6bYWaeHzMqlW1/GaWV1bX1jfJmZWt7Z3fPrO53ZZQIAh0SsUj0fSyBUQ4dRRWDfiwAhz6Dnj9t5X7vHoSkEb9RsxjcEI85DSjBSkueWW15KYO7xMluU0cjq3hmza7bc1h/iVOQGirQ9szP4SgiSQhcEYalHDh2rNwUC0UJg6wyTCTEmEzxGAaachyCdNP56Zl1rJWRFURCF1fWXP05keJQylno684Qq4lc9nLxP2+QqODCTSmPEwWcLBYFCbNUZOU5WCMqgCg20wQTQfWtFplggYnSaeUhOMsv/yXd07rTqDeuz2rNyyKOMjpER+gEOegcNdEVaqMOIugBPaEX9Go8Gs/Gm/G+aC0ZxcwB+gXj4xu9q5MG</latexit>

C1111
lequ1 at one loop via electroweak gauge boson exchange 

Mixing to 
<latexit sha1_base64="5UDk6rId6Zient15qnZqcnUAEy8=">AAAB83icbVBNS8NAEJ34WetX1aOXYBE8lUSkeiz24rGC/YA2ls120i7dbMLuRighf8OLB0W8+me8+W/ctDlo64OBx3szzMzzY86Udpxva219Y3Nru7RT3t3bPzisHB13VJRIim0a8Uj2fKKQM4FtzTTHXiyRhD7Hrj9t5n73CaVikXjQsxi9kIwFCxgl2kiD5jDFTvaYum5WHlaqTs2Zw14lbkGqUKA1rHwNRhFNQhSacqJU33Vi7aVEakY5ZuVBojAmdErG2DdUkBCVl85vzuxzo4zsIJKmhLbn6u+JlIRKzULfdIZET9Syl4v/ef1EBzdeykScaBR0sShIuK0jOw/AHjGJVPOZIYRKZm616YRIQrWJKQ/BXX55lXQua269Vr+/qjZuizhKcApncAEuXEMD7qAFbaAQwzO8wpuVWC/Wu/WxaF2zipkT+APr8wcWB5EU</latexit>

C11
eV In the RGE at one loop with yu suppression 

Matching to 
<latexit sha1_base64="5UDk6rId6Zient15qnZqcnUAEy8=">AAAB83icbVBNS8NAEJ34WetX1aOXYBE8lUSkeiz24rGC/YA2ls120i7dbMLuRighf8OLB0W8+me8+W/ctDlo64OBx3szzMzzY86Udpxva219Y3Nru7RT3t3bPzisHB13VJRIim0a8Uj2fKKQM4FtzTTHXiyRhD7Hrj9t5n73CaVikXjQsxi9kIwFCxgl2kiD5jDFTvaYum5WHlaqTs2Zw14lbkGqUKA1rHwNRhFNQhSacqJU33Vi7aVEakY5ZuVBojAmdErG2DdUkBCVl85vzuxzo4zsIJKmhLbn6u+JlIRKzULfdIZET9Syl4v/ef1EBzdeykScaBR0sShIuK0jOw/AHjGJVPOZIYRKZm616YRIQrWJKQ/BXX55lXQua269Vr+/qjZuizhKcApncAEuXEMD7qAFbaAQwzO8wpuVWC/Wu/WxaF2zipkT+APr8wcWB5EU</latexit>

C11
eV    non pert. ~ one order magnitude larger than RGE  

+
C_s contribution still dominant!



A closer look at the SM contribution
Leading contribution given by kaons exchange


